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РКЕЕАСЕ 


For many years I have felt that а working familiarity with 
fundamental aspects of electronics contributes immeasurably to all 
corners of scientific and engineering careers. Accordingly, this text 
is devoted to a discussion of basic physical concepts of Electronics 
and Radiophysics suitable for the undergraduate science (both 
Hons. and Pass) or engineering students (telecommunication or 
electrical with electronics special) and also partly for the stu- 
dents of post graduate classes of all Indian Universities. 


Throughout the book I have, in my own teaching experience, 
attempted to keep the basic ideas in the forefront besides all 
mathematical complexity. The book is thus intended to provide 
a basic skeleton of some electronic devices and circuits to appre- 
ciate the operations and characteristics of many electronic 
instruments most likely to be useful to the students in their future 
works. Considerable emphasis has, therefore, been given to the 
illustrative examples worked out in the text and also to the 
review questions including problems and self-tests for a meaning- 
ful understanding of the subject matter instead of a casual hearsay 
acquaintance with it. 


I am deeply indebted to Prof. M. K. Das Gupta of the 
Institute of Radiophysics and Electronics, Calcutta University 
and to Prof. D. L. Bhattacharya of the Department of Physics, 
Calcutta University for their kind suggestions and to many 
of my colleagues specially to Prof. S. В. Bhattacharya, Head 
of the Department of Physics, Serampore College for helpful 
discussions. Acknowledgements are due to Dr. S. К. Sarkar, 
Department of Physics, Calcutta University and to Dr. A. K. Sen, 
Centre of Advanced Study in Radio Physics and Electronics, 
Calcutta University for providing valuable criticisms. I must also 
express my sincere thanks to Sri Jamini Kanta Sen, Proprietor, 
Central Book Publishers for expediting the publication of the 
book. Finally, I like to mention the name of my wife, Mrs. Rina 
Bhattacharya, M.Sc., without whose devotion and encourage- 
ment this book could never have been completed. 


The Rasa Purnima AUTHOR 
11 November, 1981 
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FOREWORD 


To-day, it can be very rightly said that we live in the ‘Age of 
Electronics’. In every branch of human endeavours, in every 
discipline of science and technology, the art and science of elec- 
tronics play indeed a very vital role. The phenomenal develop- 
ments in the fields of nuclear energy, space exploration, 
communication, instrumentation, control, computation and the 
like would not have been possible without the simultaneous 
progressive developments in this comparatively new branch of 
Science and Technology—Electronics. We saw the growth of the 
revolutionary developments in electronic devices, circuits and 
systems since the days of Hertz, Marconi, Bose, Lodge and Popov 
in the closing years of the last century. The two great World Wars 
accelerated the pace and scope of developments immensely. 
With the advent of large scale integrated circuits, micropro- 
cessors and opto-electronic devices it is indeed very hard to 
foresee the shape of things to come in the near future. 


It is in the fitness of things that the ‘Fundamentals of Elec- 
tronics’ have been introduced in the various levels of our curri- 
culum. A significant portion on Electronics has been introduced’ 
in the Pass and Honours Physics course of our Universities besides 
the existing Post-graduate and Engineering degree courses. As 
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always happens in a newly evolved discipline, dearth of good text 
books at a moderate price is being badly felt. Dr. A. B. 
Bhattacharya's bold attempt to bring out a text book entitled, 
‘Fundamentals of Electronics’, will no doubt be praiseworthy. 
With the limited scope he has tried to develop the subject keeping 
in view the needs of our college students. I have had the oppor- 
tunity of going through the contents of the book and of scanning 
through a couple of chapters. In my opinion, Dr. Bhattacharya’s 
book will be well appreciated by all. Any new book can ulti- 
mately come to a stage of perfection if and only if the author 
gets constructive Criticisms from both the teachers and the 
taught, which I hope will encourage Dr. Bhattacharya in due 
course. 


I congratulate him for this venture and wish him success. 


lo be Ge per 


(M. K. Das Gupta) 
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CHAPTER I 
EMISSION OF ELECTRONS 


1.1 Definition 

The science of electronics is primarily concerned with the theory 
and application of devices which control current. Among these vacuum 
tubes and semiconductor devices are included. The diode introduced 
by Fleming in 1904, consisted of two metal electrodes, anode and 
cathode, may be taken as the first electronic device. 


1.2 Concept of Electrons 

It was Dalton (1802) who first gave an idea that all matters 
could be broken down into elements the tiniest particles of which were 
called atoms. According to Bohr’s theory, an atom has a central 
nucleus of positive charge around which tiny negatively charged parti- 
cles called electrons revolve in stationary orbits, just as the planets 
revolve round the sun. The nucleus of the atom is, in fact, made up of 
two fundamental particles, known as proton and neutron. 


Out of the various elementary particles, electron is the most 
fundamental one. Its values of charge, mass and radius are given 
below: ; 


Electronic charge (0,) = 1.60210 х 10-19 coulomb 
—4.80298 х 10-19 e.s.u, 


Electronic rest mass (me) —9.1091 x 10—31 kilogram 
5.48597 x 107! a.m.u. 


Electronic radius (re) 2.81777 x 10715 metres 


Proton has a positive charge, magnitude equal to 0, and mass 
1837 me. Neutron has no charge but mass equal to 1837 me. There 
exist many other charged particles such as positron, etc. But due to 
high ratio.of the charge to mass of an electron the motion of electron 
has become so useful in, the field of electronic devices. 


Electrons dislodged from the outer shell of an atom are called free 
electrons. Free electrons carry the current in all types of electron tubes 
and also in ordinary conductors. The movement of free electrons in 
antenna gives rise to electromagnetic radiations. Free electrons are 
thus responsible in most electrical and electronic phenomena, 
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1.3 Electron Emission 


Electrons perform a certain amount of work to escape fronz the 


surface of emitter. To do this work energy is imparted to them from 


some external sources such as heat energy, kinetic energy of electric 
“charges, energy stored in electric or magnetic fields and the light 


energy. Accordingly, the emission of electrons from a metallic surface 
is classified as follows: 


(i) Thermoionic (Primary) emission: If electrons are emitted from a 
metal by supplying thermal energy, the process is called thermoionic 
emission. The number of electrons released depends on temperature. 
At a given temperature the thermoionic emission current density is 
obtained by an equation known as Richardson’s law. 


(ii) Secondary emission: When electrons at a high speed suddenly 
strike a metallic surface, some will collide directly with free electrons 
on the metal surface and project them outward. The electrons freed 
in this manner are called secondary emission. 


(Hi) Field emission: The presence of strong electric field set up 
by a high positive voltage outside the emitter surface may cause 
electron emission from it. The stronger the field applied, the greater 
will be the field emission from the cold emitter surface. 


(iv) Photoelectric emission: In this process light energy called 
‘quanta’ falling upon the emitter is transferred to the free electrons 
within the metal and speeds them up sufficiently to eject from the 
surface. The number of electrons emission will depend on the intensity 
of the beam falling upon the metallic surface, 


Out of the four methods of emission discussed above, 


nic emission is the most vital one and most commo: 
tubes. 


the thermoio- 
nly used in electron 


1.4 Richardson's Equation 


A detailed mathematical explanation of the phenomenon of 
thermoionic emission was first successfully given by О, W, Richardson. 
He and later on Dushman applied the principles of Thermodynamics. 
and Quantum Mechanics to establish the relation between the emission 
current density and temperature of the metal. 


According to classical mechanics, 


д if the electrons аге considered 
as monatomic gas molecules then the 


average energy per degree of 
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freedom of motion of an electron will be 3 kT, where К is the 
Boltzmann constant and T the absolute temperature. Now, if n be the 
number of free electrons in unit volume of the metal and dn the 
number having a velocity component normal to the surface lying within 
u and u--du then by Maxwell’s distribution law, 


dung) Oe шр ы "uc AUS 
п 


1 
where, h= ET 


and  me=mass of electron. 


Richardson assumed that in order to escape from the surface layer, 
an electron has to do some work which can be denoted by ¢ Qe, 
where ¢ is the potential difference due to this work and Geis the charge 
of the electron. Correspondingly, the minimum kinetic energy required 
to just escape from the surface is given by, 


5 теи =ф0, abe (1.2) 


where ио is the minimum velocity required in the direction concerned. 

The total number of electrons which strike the surface layer per unit 
œ со 

area per second is f и dn out of which the number Ju dn will be able 
0 Uo 

to escape from the surface. The thermoionic current density, which is 

equal to the number of electrons that escape from the surface multi- 

plied by the electronic charge Qe, is therefore given by, 


со 
1-0, fu dn 
ио 
TURNO 
IM h me -hme i? 
=п олут e .udu 
ио 
Д а ( Атеш ) nq Ime ssi те?) di 


£ 2 
imet a ES 1 Д c hme її 
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2hme 
ио 
"pm mene 2 
BA) = р 
Meu 
= a ИНГ 
_Ф0, $ ; 
au Т. = = ЕТ [using equation (1.2)] 
каена, КЕЛУ 


where A=nQe Ж апа ү 
е 


The equation (1.3) gives saturation current density which in- 
creases with the increase of temperature. The theoretical formula, 
however, agrees well with experimental results when T+!* is to be 
replaced by 7?. The modified expression was also later obtained by 
Richardson from thermodynamical considerations as discussed below. 


Let us imagine a conductor with an emitting surface, constituting 
a wall of vacuum enclosure, at the other side of which a piston is fixed. 
For the electron gas outside the metal the pressure p can be expressed as, 


== —nkT dm (14) 
where, n —number of electrons per unit volume. 


Ifthe piston is now isothermally raised so that the volume in- 
creases by dv then the work done by the electron gas due to isothermal 
expansion is fdy=nkT dv. Again if ф is the work function, which is 
the energy required by an electron to emit from the metal surface 
into the space, then the energy required for emission of ndo electrons 
into the increased space is фп dv. In Fig. 1.1 the isothermal expan- 
sion at 7? Kelvin is represented by PQ. 


4 
{ 


— — 


EMISSION OF ELECTRONS 5 


The piston is now drawing out to increase the volume adiabati- 
cally when the temperature falls to (7 —dT). This adiabatic expansion 
is given by QR in the figure. The emitter is next put in contact with a 
sink at a temperature (7 —dT) so that the electron gas is compressed 
isothermally to S wherefrom by an adiabatic compression SP the 
initial state is reached again. 


Fig. 1.1 


Therefore, the work done by an electron gas in the reversible 
cycle [5 — (p —dp)]dv —dp dv and the energy drawn from the source 
=nkT dv--ón dv. Now from the second law of thermodynamics, 
we have, 


dp dv EP 
nkT du do T 
Pad f) 
ог, IE ET, -1T 554 (1.5) 


Since, dp —d(nkT) =kTdn--nk dT 
We have from equation (1.5), 
kT dn--nk dT dT 


nk T --ón Tj 
or, kT?dn--nk T dT=nkT dT -+-¢n dT 
dn фат 
or, =a боо (1.6) 


If the energy required by an electron to emit from a surface at 0° 
Kelvin is фо then the energy required by it at 7? Kelvin will be 


фо-Е%ЁТ,. 
since the thermal energy of a monatomic molecule at a Neg 
T^ is $ kT. Hence we can replace ф in equation (1.6) by ¢o+3k 


ie. 


dn i UT HET 
n 
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f 
Integrating, log n = fed log T-Hlog a (a=constant © 
integration) 
Ln 
^ п=аТ?!?« ЁТ 


So current density, J —Qe \ 
u=0 
© 
=nQe EEN е idu 
m 50 


=nQe,/ LI ‚ и being the velocity of 


TMe 


electron perpendicular to emitting surface. 


ihh фо 
ЕТ B7 
Hence J=Q, Inm,’ теа. ЁТ (substituting the value of n) 
—AT? c-r 


(1.7) 


where A and 5 are constants. 

It is to be noted here that according to F.D, statistics if ф is the 
work done by an electron to surmount the potential barrier and W; 
is the energy of an electron in a metal, then the clectron will be able 


to-come out of the metal with zero velocity when an energy (= Wi) 
is given to it. So, Richardson's equation is to be modified as, 


(=) 
Атас 


—AT?e —bT 
where b=(ġ— Wi). 


(1.8) 


1.5 Thermoionic Emitters 

Thermoionic emitters are of two different types: (i) directly heated 
emitter or filamentary emitter and (ii) indirectly heated emitter or oxide coated 
emitter. 


In the direct heating, the electric current is applied directly to 2 
wire called filament which itself serves as electron emitter while in 
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indirect heating, electric current is applied to a separate heater loca- 
ted inside a cylindrical cathode that serves as emitter. The arrange- 
ment of these two different types of heating is shown in Fig. 1.2. 


Filoments 
Cathodes: 
Supporting 
wires 
Glass Heaters 
stems 


(a) Directly heated (b) Indirectly heated 


00000000000 


Fig. 1.2 


Both alternating or direct current can be used in either methods of 
heating. Two important directly heated emitters are (a) tungsten emit- 
ter and (b) thoriated tungsten emitter. Indirectly heated cathodes 
always use oxide coated emitters. Receiving tubes are, in general, 
indirectly heated types. 


1.6 Space Charge 

For simplicity, let us consider a vacuum diode consisting of an 
emitter called cathode and a collector of electrons called anode. At low 
temperatures, there is no emission of clectrons from the cathode sur- 
face and hence anode current is zero. As the temperature is raised to 
emit electrons from the cathode and the anode is disconnected from a 
source of potential, electrons from the emitter form a cloud in the space. 
This atmosphere of thermoelectrons that is formed in the interelec- 
trode space between cathode and plate is known as the space charge. 
Since it is made up of electrons, this atmosphere constitutes a negative 
charge that has a repelling effect on the electrons being emitted from 
the cathode. So the effect of the negative space charge alone is to force 
the emitted electrons back into the cathode by a considerable amount 


and prevent others from reaching the plate. 


However, 
by the positive plate which attracts electrons through the space charge. 
When the plate voltage is low, only those electrons which are nearest to 
the plate are attracted to it and constitute а small plate current. With 
a greater number of electrons is attracted 


the space charge does not act alone. It is counteracted 


the increase of plate voltage, 
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towards the plate and eventually а point is reached when all the 
electrons emitted from the cathode are attracted to the plate over- 
coming the effect of space charge completely. With further increase 
of plate voltage there will be no further increase of current. The 
current is then temperature controlled. The total number of electrons 
emitted by an emitter is always same at a given operating temperature 
and is determined by using Richardson’s equation. 


[1.7 Child’s Law 
The equation relating anode current with anode voltage under 
space charge limited condition was first derived by Child and is known 


as Child’s law. The derivation of this law is made on the basis of the 
following assumptions: 


(i) The cathode and anode are plane parallel plates and these 
are equipotential. 

(ii) The cathode temperature is sufficiently high and electrons 
have zero initial velocity after emission from the cathode. 


(iii) The anode voltage is constant for a sufficiently long time 
so that the anode current can reach a steady value. 


(iv) Electrons alone are present in the inter-clectrode space. 

Since the derivation of this law for the cylindrical shapes of 
cathode and anode is too complicated, let us consider for simplicity the 
case of parallel plate configuration. Applying Gauss’s theorem to an 


elementary volume in the inter-electrode space and using Cartesian 
coordinates we can write, 


Se ôe 82е 
&e arias (Pde) T (1.9) 


where, e—potential at the point under consideration, 


p —density of space charge, 


and — c—dielectric constant of the medium considered. 


Equation (1.9) is known as Poisson’s equation. Let us choose the 
coordinates in such a manner that X-axis points from cathode to 
anode and normal to both the surfaces, 


де 8» 
Then, y am n (1.10) 
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So equation (1.9) reduces to one dimensional form as, 
i3 (ele) ze @ Ой 
If v is the velocity of the electrons then the current density J can be 
expressed as, 
jean is. фый) 


The negative sign in equation (1.12) indicates the flow of current from 
cathode to anode. From equations (1.11) and (1.12) we get, 


Se J 


pee Л 
ôx? єр (223) 
Further the velocity о can be obtained from 
imev—0.e 
where, Q , —charge of electron, me=its mass; 
і = /20Шё 
Wey WS ves 1.14 
"ET Me : (Qn) 
Then by equations (1.13) and (1.14), ч 
Be eu те 
бз е 20.e 
J 
=К—— 7 1.15 
Kz, (1.15) 
where = 
50- 


Multiplying both left-hand and right-hand sides of equation (1.15) 
by a(% 7) dx and integrating we get, 


E E 
Јако. 
de 
dx—2KJ 
"x Sal A Is 


or, (5 —ÁAK IN e Ky, 6) 
dx 
At the cathode surface, 
di 


e, < and v are zero. 
X 


K,=0 Ж ЮКО 
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Hence equation (1.16) reduces to 


(¢ ) PEKING 


di r 
or, ЛУ КУ git 
or, fe71^ de—24/ KJ (ах 
or, $034 —924/ KJ x-EKy ^t (1.18) 
Again at x—0, e=0 
URS 0) 
So equation (1.18) becomes, 
1/3 —. 2 CS 
J УК 
=a 4 ШЕ 
ог, Х=зү-: = 
" 
Ae [90 ез1 
Е 7202 SEE. E: 55 (1.19) 


Now, let the distance of the anode from th; cathode surface be d and 
its voltage is ey. 


ie at X=d 
e=ep 
_Ae 20, ey3!2 
So J=9 an T i (1.20) 


If d is in cm, then J may be expressed in amps/sq. cm. Using the 
M.K.S. system and es the value of e, Ое and me we have, 


J=2.33 X у = amps/unit area Es (1.21) 


If A be the area of the electrode then the anode current i, that is, 
the current flowing from anode to cathode, is expressed as, 
ip=J A 
6A, ва 
=2.33 x10 q^ ES (1.22) 
Equation (1.22) is commonly known as ‘Child’s law’. This is also 
called as ‘Three-halves power equation’ or ‘Langmuir’s equation". 
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l. Electrons emitted from a cathode surface are collected by a plate which is 


kept at a potential of 10 volts relative to the cathode. If the ratio of charge to mass 
ofan electron is 1.77 x 107 e.m.u. of charge/g calculate its velocity. 


Ifv be the velocity ofan electron, we have 3 me v?—Q ee 
where Q ,—charge of an electron, 
Me=mass, 
and . e—potential. 


ie. v= 2Qee 
me 


Qe 


те 


Now, =1.77 x 107 c.m.u. of charge/g. 


and e=10 volts 
—10? елип. of p.d. 
MO s—4/2x127x10x109. 
—1.881 x 108 cmjs. 


2. Two thermoionic emitters having identical dimensions are operated at a 
fixed temperature of 2400°K. The value of emission constant Б for one of the emitters 
is 52400°K while the work function of the second is 0.6 times that of the first. Calcu- 


late the ratio of their emission current densities. 
"The emission current density for one of the emitters is given by, 
—b 
Jsı=4T°? = Hs 
For the other emitter, 
—0.66/T 
Jsg—AT? = / 


Thus we get, 


Ку, b=52400° K 
and T=2400° K 
dog, Vie E с 
Js 2400 
АКА Js2—6194 


Jsi 
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3. An oxide-coated thermoionic emitter is operated at a temperature of 1000°K. 
Find the value of its emission current density 


(given that 4—0.01 x 10* amps/sq. m/deg К? and 5—12000?K). 
The emission current density can be expressed as, 
Js=AT2 gu T 
Now A=0:01 x 10* amps/sq. m/deg К? 

b=12000°K 
and T=1000°K 
S000 Ja=0.01 x 104x (1000)2 4 (12000/1000) 
—630 amps./sq. m. 


4. The anode current of a diode is 120 m. amps for an anode potential 100 volts, 
If its anode potential is changed to 300 volts, what will be the value of the anode 
«current under space charge limited condition? 


* The anode current i, can be written as, 
ig=K ep3!2, 
where ер is the anode potential. 

For the first case, 

iy—120 mA, 

£5—100 volts 

120=K (100)8!2 

For the second case, 

ep=300 volts 


ip =K(300) 3/2 


iy жү 
5о, T с=-=, Е 
120 100 


ip=120 x (8)3/2 
—623.5 mA. 


So the value of anode current for the second case is 623.5 m.amps, 
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Self-Test 
Read each of the following and provide the appropriate words: 


(a) The value of electronic charge is—e.s.u. 

(b) Emission of electrons is classified as: thermoionic emission, secondary 
emission, field emission and — emission. 

(c) Indirectly heated cathodes always use — coated emitters. 


(d) The atmosphere of thermoelectrons formed in the interelectrodes space 
between cathode and plate is known as — —. 


(е) The equation relating anode current with anode voltage under space 
charge limited condition is known as — law. 


(f) The three-halves power equation is also known as — equation. 


Review Questions 


1. Explain the four different methods for the emission of clectrons from a 
metallic surface. 


2. Derive Richardson’s equation from thermodynamical consideration. 
3. What are the two different types of thermoionic emitters? —Explain. 
4. What is meant by space charge? —Explain clearly. 


5. Starting from Poisson's equation derive the Child's law. What arc the 
assumptions required for the derivation of this law? 


6. Explain the space charge effect. Show that for a space charge controlled 
diode the plate current is proportional to three-halves power of the plate voltage. 


7. If the p.d. between the cathode and anode of a discharge tube is 50,000 volts, 
calculate the velocity of an electron inside the tube. (Ans. 1.324 x 1019 cm/s.) 


8. Find the value of the current density of a thoriated tungsten emitter opera- 
ted at a temperature of 1900 deg. Kelvin. The values of constant A and b for the 
emitter are respectively 3 x 104 amps/sq. m/deg. К? and 31500 deg. Kelvin. 

(Ans. 6834 amps. /sq. m.) 

9. A diode valve gives an anode current of 120 mamps with an anode voltage 
of 100 volts. Find the value of the anode voltage which will raise the anode current 
to 339-4 m amps under space charge limited condition. (Ans. 200 volts.) 


10. In a diode the anode current is 20 m. amps for an anode voltage of 30 volts. 
Calculate the anode current for an anode voltage of 55.26 volts under space charge 
limited condition. (Ans. 50 m. amps.) 


CHAPTER 2 
NETWORK THEOREMS 


2.1 Introduction 

Elements like inductors, resistors and capacitors can never amplify 
an electrical signal but they have a vital role in electronic circuits 
containing valves or transistors having amplification properties. 
Analysis of electronic circuits to get expressions for current, voltage, 
power, etc. is too complicated unless some methods are properly 
applied. 

An electric network is nothing but an interconnection of electric 
circuit elements or branches. The current in any part of a network can 
be easily calculated for a given applied voltage using the two well- 
known laws of Kirchhoff as stated below: 

(i) In any network, the algebraic sum of the currents meeting at 
a point is zero. Or mathematically, 
2I=0 3o o (2.1) 

(ii) In any closed mesh, the algebraic sum of the electromotive 
forces is equal to the algebraic sum of the products of the resistances 
R of each part of the mesh and the currents / flowing through them. 
Mathematically, 

ZE=ZIR 


or, ZE—ZIR=0 (2.2) 


2.2 Some Important Definitions 

Before going into the discussion of network theorems it is desired 
to introduce some important definitions as given below: 

POTENTIAL AND Current SOURCES—A hypothetical generator used 
to maintain its value of potential independent of the output current is 
known as the potential source and is usually indicated by a circle 
enclosing a wavy line. Similarly, if a hypothetical generator is used to 
maintain an output current independent of the terminal voltage then 
it is known as the current source and is indicated by a circle enclosing 
an arrow. 

Active AND Passive NETWORKS—If a network contains energy 
sources as well as other circuit elements it is called an active network 
while a network containing circuit elements without any energy source 


is known as the passive network. 
14 


E 
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DisrmmurED AND LuwPED NETWORKS—IÍ in a network, the in- 
ductors, resistors and capacitors are not electrically separated (e.g. a ` 
transmission line) is called a distributed network. On the other hand, 
in a lumped network, physically separate inductors, resistors and 
capacitors are represented. 


Море AND Меѕн—А group of elements having two terminals is 
called a branch. А terminal of any branch is called node (or junction) 
while a set of branches forming a closed path isknown as a mesh (or 


loop). 


2.3 Parameters of Four-Terminal Network 


The circuit performance of a four-terminal network may be 
expressed conveniently in terms of the input and output currents and 
the voltages at the four terminals. 


A network connected to a voltage source and a load is shown in 
Fig. 2.1. The figure indicates the sign convention for the general case. 


М : lo 
[me | "pus 


Fig. 2.1 


The functional relationship between the four electrical quantities 
Vi, Va I, and Г, may be expressed in different ways depending on 
which quantities are considered as dependent variables. 


(a) Open-circuit impedance parameters 
If the currents Л, I, are considered as the independent variables, 
we may write, 


V,—fi (A; 1) E (2.3) 
Ё„=/» (2, 12) E (2.4) 

which give, m 
dV,— А аз И dl, $4 (2.5) 


and 


qn +572 а, г (2.6) 
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Let us denote, 


SV, Y, ôV, _ И, 
Bn а ЭТ, 212› Bn ^m uh 209: 


Therefore, equations (2.5) and (2.6) can be rewritten as; 
2i—Z3i E Zia 1a a (2.7) 
Ug —Zg1 03-]-Zaa to EE (2.8) 
where the differentials dV;, dV}, dI, and dI, are respectively expressed 
аз 01, 0, 1 and i. 


If now the output terminals are open circuited to a.c. so that 
1,—0, then 


£u =z, the input impedance 
1 


254 —2— zy, the forward transfer impedance. 
1 


Again, if the input terminals are open circuited to a.c. so that 
1, —0, then 


v : 
Zı2=-+=zy, the reverse transfer impedance 
“2 


= Bax, the output impedance. 
2 


Since the above parameters are obtained with either the input or 
output open, these are called open circuit impedance parameters. 


(b) Short-circuit admittance parameters 


If the voltages Г,, V; are considered as the independent variables, 
we may write 


I, —F, (Vi, Р) a (2.9) 
Ij—Fs (Vi, Р) E1210) 
or we have, * 
Б 
а=, wtp dV, a (211) 
and 
hip E: p a - dy, ы (2.12) 
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Let us denote, 


Om uM 87, _ onm 5153 
wv, Sup 8V, 72» 57; J'ai; 8V, Jos 


Therefore, equations (2.11) and (2.12) can be rewritten as, 
i493 о улаа 358 (2.13) 


iy—J91 4 J'o2 Va F Yos (2.14) 
If now the output terminals are short-circuited to a.c. so that 2,—0, 
then 


уп = =y; the input admittance, : 
дү P 


~ D 


In=2 =yy, the forward transfer admittance. 
vy 


Again, if the input terminals are short circuited to a.c. so that v} =0, 
then 


J1g=2 =y,, the reverse transfer admittance, 
Us 


Уз. = 2 =уо, the output admittance. 
v 


2 


Since the above parameters are obtained with either the input or 
output short, they are called short circuit admittance parameters. 


(c) Hybrid parameters 

A mixture of impedance and admittance parameters gives a 
third set, known as the hybrid parameters. These we have discussed 
in the Chapter of Bipolar Transistor. 


2.4 Network Theorems 

Network problems may be solved by the application of Ohm's 
and Kirchhoff's laws. In the following subsections some important 
network theorems are discussed. 
2.4.1 Thevenin's Theorem 

This theorem as enunciated by Helmholtz and latter by Thevenin 
is applied to resistive networks. The theorem may be stated as follows: 


‘Any two-terminal network containing linear impedances and 


energy sources (generators) can be replaced by an equivalent circuit 
2 [ELECTRONICS] 
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consisting of a voltage source E’ and a series impedance Z'. The 
value of E' is the open circuit voltage at the terminals and Z' is the 
impedance measured between the terminals when all the energy 
sources in the network have been replaced by their internal impe- 
dances. 


In Fig. 2.2(a) an active network of energy source E is connected 
to a load £z while in Fig. 2.2(b) the passive portion of the network is 
replaced by its equivalent T section. The theorem then states that the 


+i o о 01 
EQ NETW x 7 
Speer poc 


Fig. 2.2 


circuit of Fig. 2.2(c) with voltage source E' and impedance 2’ will be 
equivalent to that of Fig. 2.2(b) with identical voltages and currents 


at Zr. 


For the load current 7; the solution of circuit in Fig. 2.2(b) can 
be made by considering the mesh equations. We have, 


E=, (Za +e) Xe э (Cai) 
O—I,(EptXct&)-—h&e О) 


In order to get an expression for 7; let us substitute the value of 
I, from equation (2.16) to equation (2.15). 


From equation (2.16) we have, 


Ш E 
/ 


с 


From equation (2.15), 


geh a Aet Ae, +o) e, 
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E 
ү 1ш бе Сы) (&4--&c) 2 
&c T 
кы E £c 
Zela te) +Xa Keta to) 
Ke 
2 E ре! 
gm 2 (2.18) 
P Mas. 


[dividing both numerator and denominator by (Z4--Zc)] 

Equation (2.18) is the expression for load current that would 
flow in any value of £z. 

Again, from Fig. 2.2(b) the open circuit voltage at 1, 2 terminals 


is, 


E 
P= } 
Katze & 
=E (с "nao 
(zz, (219) 
and if E is short circuited, then 
= Kako 2.20 
5 Кс; Us ies 
By using equations (2.18), (2.19) and (2.20) we get, 
E' : 
„=> > € 2.21 
E ү 


which is the current expression for network in Fig. 2.2(c). The 
theorem has, therefore, been established. 


2.42 Norton's Theorem 

Norton suggested a theorem, somewhat similar to that of 
Thevenin, in which the network is replaced by a constant current 
generator and a parallel admittance. The theorem may be stated as 
follows: “Any two terminal network containing linear impedances and 
energy sources (generators) can be replaced by an equivalent circuit 
consisting of a current source Г and a parallel admittance 2". The 
value of I’ is the short circuit current at the terminals and 1” is the 
admittance measured between the terminals when all the energy 
sources have been replaced by their internal admittances.” 
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In Fig. 2.3(a) an active network of energy source Æ is connected 
to a load 2; while in Fig. 2.3(b) the network has been converted to 


Fig. 2,3 


the voltage-source equivalent circuit by Thevenin’s theorem. The 
th 


corem then states that the circuit of Fig 2.3(c) with a constant 
current generator of value I’ will be equivalent to that of Fig. 2.3(b). 


The load current I, in Fig. 2.3 (b) 


is given by 
E 
{== a (2.22) 
“Мес. 
Since the reciprocal of impedance is known as admittance 
we have, 
o 1 
= and а= 730023) 
(where Y’ and У, г are two admittances) 
gel rer 
Re SEU eS ee 
or, 1 TT, 


Sy Аро n (2.24) 
SEO 
By equations (2.22) and (2.24), 


пев ETE) 


Y, 
"eripi 
YET, 
Next consider the circuit of Fig. 2.3(c) w! 
generator T’ is in parallel with the admitte 


(2.25) 


еге the constant current 
nces Y’ and Уу. Using 


gerrt v5 LIBRARY 


pat oh, 
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appropriate current division factor, the load current Ij in the admit- 
tance 7 may be written as, 


n-r (55) | oe (296) 


Again, from Fig. 2.3(b), the short circuit current at 1, 2 
terminals is, 


E 2 
[== се у! aA 2.27 
Е (2.27) 
By equations (2.25) and (2.27) we get, 
УД 
=]? еш E 2.28 
I=!" (yy) (2.28) 


Therefore from equations (2.26) and (2.28) we have, 
РЕЗА Эч (2.29) 
which proves the validity of Norton's theorem. 


It is found that both Thevenin’s and Norton’s theorems may be 
applied to any given network and so their choice is made as required. 


2.4.3 Superposition Theorem 

The statement of the theorem is as follows: “In a network con- 
taining linear impedances and energy sources (generators), the current 
flowing at any point is the sum of all the currents which would sepa- 
rately flow at that point by each energy source.” 


For the verification of the theorem, let us consider the simple net- 
work with two generators of e.m.f.’s E, and Ep, as shown in Fig. 2.4. 


Fig. 2.4 


Let the currents due to Еу and E, acting together are J, and J, 
and suppose the currents due to E, acting alone be I; and 75 and also 
the currents due to E, acting alone be Jy and I5. 


t nae eio nema 
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When both E, and £, are applied simultaneously we have, 


Еү=1, (£44-&c) +e ue x1 (280) 
and f 
Ez=h(Zg +20) +e .. E3 
Now, when Æ; is considered alone, 
E151; (Za +e) +140 e (2.32) 
and 
O=; (Za +Z) +e E GE 
and when Г, is considered to act alone, 
0=1; (Za +e) +150 e (2.34) 
and 
Ej—I3(Zp--Ao) +1 ent (2.35) 
Adding equations (2.32) and (2.34), 
r E= (1H) (Ka +o) i-e. ^ (2:36) 
and adding equations (2.33) and (2.35), 
Е„= (Ig --15)( Ёв-Е c) + (1, --1,)& с (0:37) 


It is seen that equations (2.36) and (2.37) are respectively identical 
with equations (2.30) and (2.31) if 
L=I 1 +1; 
and 
Ij—Is--I; e (298) 


which must then be true. 


The superposition theorem simplifies network calculation in 
presence of several generators. This is particularly important when 
generators of different frequencies are present. 


2.4.4 Reciprocity Theorem 

“In any network of linear impedances, if an e.m.f. applies in one 
mesh produces a certain current in the second mesh, then the same 
e.m.f, acting in the second mesh will give an identical current in the 
first mesh." 


For the verification of the theorem let us consider the simple 


NETWORK THEOREMS 23 


arrangement, shown in Fig. 2.5, where a T-network is inserted bet- 
ween a generator and a load. 


Fig. 2.5 


Let E be the source of emf, and D the detector. In the above 
circuit, let the currents be J, and J, in the two meshes. Further, say, 


Zı=Za - Kn +o =self-impedance of mesh 1, 
Z= -&p-self-impedance of mesh 2, 


and Zj,—4g-—mutual impedance of mesh 1 and 2. 


Applying Kirchhoff*s law in the mesh 1 and 2, we have, 


E= 1—2 m (2.39) 
and 
0=Һь=-ҺХле ss (2.40) 
From equation (2.39), 
E Zia 
L=3t h xo (BS 
"e deus ey 


Putting the value of Д in equation (2.40), 


14— (£45 L) Zai 


5л 
: MONEO 
o (51) 
or, (Zeki) =E 
AREA КО?) 


a——— 3. 
© Zakia 
Now, interchanging the position of source and detector we get, 
05I; ıs ex (2.43) 


and 
E=; a-like 3n (2.44) 
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Rearranging equations (2.43) and (2.44) we can write, ` 


I£,—I523,—0 кы (2345) 
I EHE B (2.46) 

| 0 =en 
ELLE & i Еа e (247) 

| Ar Re Aika — Ais 
Kp Ra 
By equations (2.42) and (2.47) we have, 

Tin bs (2.48) 


Therefore with the transposition of the source and detector the 
current remains same. The source and the detector cannot be inter- 
changed, however, in a special case when they have equal impedances. 


2.45 Maximum Power Transfer Theorem 
This theorem is applicable to all branches of electrical engineering 


and is particularly important in communication work. The theorem 
may be stated as follows: 


“А two-terminal network will absorb maximum power from a 
generator if the load impedance is the complex conjugate of the internal 
impedance of the generator.” 


For the verification of the theorem let us consider the circuit 
diagram of Fig. 2.6. 


1 
: 
i 
| EC ZEB 
і 
| 
! 
1 


Here, the generator impedance &cZ. а= Xo, 


where tan a—Xc 


G 
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and the load impedance 2; / £—Rz--jXz, 


where tan paz. 
L 


Then the current J flowing in the circuit will be, 


E 
= TooToo 2.49 
GER HUC EX) 8) 

power in the load, 

P=ERy, ' 
ER, 
= з 4 ___,, 2.50 
(ERG OG FX ores 
Maximising this expression with respect to Ху, gives, 

ôP —2E° R(X +X) 0 (251) 


8X, [U-Ro)- +(X EX) 
So as far as the variation of X; is concerned, the maximum power 


will be achieved for X; — — Хо. Then the power in the load becomes 


La ER, 
е s. (2.52) 


Again maximising expression (2.50) with respect to Rz we get, 


SP _E*(R,+Re)*—2F*Ry (Ry RS) _ 9 
SR, (8-80) 


ог, (Rr +R)? —2R$ —2R,Rg;—0 hen (2.53) 
Hence for R,=Rg, the power will be maximum. 
The expression for the maximum power P may then be written as, 


[2 
CRUEL E mc (Qu 


P=OR,)® AR; 


We may thus conclude that the power absorbed by the load will 
be maximum when the resistive components of both the load and 
generator impedances are equal апа also the reactance of the load 
has an opposite sign to that of the generator, i.e. when the impedance 
of the load is the complex conjugate of the internal impedance of the 
generator. 
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Self-Test 


Read each of the following and provide the appropriate words: 
(a) In any network, the algebraic sum of the — meeting at a point is zero. 


(b) Та а lumped network the inductors, resistors and capacitors are electrically 
separated. (True/False). 


(c) A terminal of any branch is called — and a set of branches forming a 
closed path is known as a —. 


(d) The parameters obtained with either the input or output open are called 
— parameters. 


(е) Thevenin’s theorem refers to the equivalence of a network in terms of a 


constant — generator while Norton’s theorem states the equivalence in terms of a 
constant — generator. 


(f) — theorem is particularly important when generators of different 
frequencies are present. 


Review Questions 
1, State Kirchhoff’s laws. 


2. Define the following: (a) potential and curreat sources, (b) active and 
passive networks, (c) distributed and lumped networks, (d) node and mesh. 


3. Derive expressions for the impedance parameters and admittance parameters 
of a four-terminal network. 


4. State and prove Thevenin's theorem. 
5. Make a comparative study of Thevenin's and Norton's theorem. 
6. What is ‘Superposition Theorem’ ?—Prove it. 


7. With suitable circuit diagram prove the reciprocity theorem апа give its 
statement. 


8. State and explain the ‘Maximum Power Transfer Theorem’. 


9, Give statements of: (a) Thevenin’s Theorem, (b) Norton’s Theorem and 
(c) Superposition Theorem. 


CHAPTER 3 
CIRGUIT THEORY 


3.1 Introduction 

The flow of electrons im an electrical circuit in which the direction 
of movement periodically reverses so that the average value over a 
period becomes zero is called the alternating current. This means an 
alternating current has a positive and an equal negative maximum 
value during each periodic time. The number of such complete cycles 
per second is called the frequency. 


'The form of the alternat- 
ing current (Г) which changes 
sinusoidally with time (t) is 
shown in Fig. 3.1, where +Jo 
and —Io represent maximum ^ 


positive and negative currents 

in the time period 7. The Fig. 3.1 

equation for the instantaneous value of an alternating current can be 
written as, 


1=1» sin wt, where o=angular velocity (in radians/s) 


=27/T 
=o sin 2" t 
=lo sin 2x fi (+ f=1/T) mn (3.1) 


Similarly if E; be the maximum e.m.f. then at any instant of time 
t the instantaneous value of the e.m.f. Z i. given by, 
E=Eo sin ot 
=Eosin 27 ft Ж (3.2) 


3.2.1 Mean Current and Mean e.m.f. 
For a complete cycle of periodic time 7; the average value of an 
alternating current of instantaneous value I=Io sin ot is given by, 
i T 
І A I, sin ot dt 
0 
— Jo[. cosot iF 
I [M 
27 
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2.1 cos = xT) ( cos 2 xo }} 


= oT (—1+1)=0 en (3.3) 


Thus, the average value over a complete cycle becomes zero. This 
can alternately be seen in the following way. For the first half of the 
cycle the average value of current is, 

T!a 


Pig | Io sin wt dt 


= S (cose x2 (cos 2 x0)} 

st (=) 
TEREN ы беу 
T ATAS 


Similarly for the next half of the cycle the average value is 


ТЕ 
== \ Josin ot dt 
Tp 15 o Sin ©) 
__21{__соз wt T 
al us [be 
21 2x. 4 Pc 
2 (соз T xT) (cos X3 }} 
21 
=— 22(14l 
srt) 
ibe ИЖ, "rw (85) 
2n. T т 
TC 


Equations (3.4) and (3.5) indicate that during the two successive 
halves of the cycle the average currents have equal magnitudes but 
opposite directions. Conseqeuently, the average value during а 
complete cycle becomes zero. 
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By the term mean current or mean e.m.f. in an a.c. circuit is 
meant the average value of that quantity over a positive half cycle. 


'Thus we can write, 
21, 
Imean == 
Similarly, 


Emean = 


3.2.2 R.M.S. Current and R.M.S. e.m.f. 


(3.6) 


(3.7) 


The r.m.s. or root mean square value of an alternating current 
is defined as the square root of the mean value of the square of that 
quantity for a complete cycle. Mathematically, the r.m.s. value of 


current 


= 1 
where, D= = 


—1$( /1—cos 2ot 
= ( 5 ja 
4 sin M 
2 4w Jo 


sin (2 : 2) 


In a similar way, 


E, 
Ems — 5 =0.707 Eo 
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3.2.3 Power and Power Factor 

In a d.c. circuit the average power is obtained by the product of 
-load current and the p.d. across the load. In an a.c. circuit also with 
pure resistive load the average power (W) over a complete cycle is 
given by, 


= aan 
Sm т‘ 
ЕІ, Т 
qnm 
ES; Ev s 
= "= 79" A977 Ems . Ims n (3.10) 


But with inductive load, i.e., when the circuit contains both the 
resistance (R) and inductance (Z) and an alternating ел} 
E=Eo sin ot is applied to drive a current through them, the current 


lags behind the e.m.f. by a constant phase angle a, where tana= D. 


The instantaneous current is then given by, J=J, sin (wt—a) and the 
average power in such a case is, 


wai Eldt 


0 


ds 
= sin ot (sin ot cos a—cos о? зїп a)dt 
T 0 
T 
=E] (sin? ot cos a—sin wt cos wt sin a) dt 
i xe 


Sera 
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T T 
_ Eolo СЕА . Eolo sin 2ot 
—T соз a | sin? ot dt T sin af о dt 
0 0 
Eolo T Eg. 
=F 05 6.5 — 9T sina x0 
Eso cos a ы 
Eo do 
J V3 cos a 
=Eyms . Ims . cos a = (3.11) 


The product Eyms Х пз is called the apparent power and the 
factor cos a which is to be multiplied to get the average power is known 
as the power factor of the load. і 


3.2.4 Form Factor 
The form factor (F) of an alternating current may be defined as, 


r.m.s. value of current 


WU meri: current 
Sis con ж 
TR 21, =z, 73 1-11 E: (3.12) 
Similarly, 
Feng Ет 1 КОШЕ (Buy 
Emean 


3.3 Circuit Elements in A.C. Circuits 

An electric circuit may contain some or all of the following com- 
ponents, viz., inductor (Д), capacitor (С) and resistor (R). Using 
complex numbers behaviour of an a.c. circuit with (i) L-R, (ii) C-R 
and (iii) L-C-R in series is discussed below. 


3.3.1 An A.C. Circuit with Inductor and Resistor in Series 
Let a source of sinusoidal e.m.f. of instantaneous value E=E, еі“! 
is applied to a circuit consisting of an inductance wt IR 
Land a resistance A in series (Fig. 3.2), where 
E may be considered as the real part of 
Eo (cos ot-Lj sin wt). The impressed e.m.f. in 
driving the instantaneous current I through 
the circuit will be opposed by the induced back Fig. 3.2 
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e.m.f. (227) developed across the inductance L. So from Ohm's 
law we can write 
di 
E—Liü 
R 


[== 
'or, E +RI =E tis (3.14) 


Let us put as a solution, 
I—A еї" «s 10815) 
where А may contain, both real and imaginary parts. 


'Then, 
dI CM: 
2S Ad 
di Ае jo I 
From equation (3.14), 
JLol--RI =E 
or, (jLo--R)Y =E 
= 
R+jLo 
= ER-jLo) _ 
(R+jLo) (R—jLo) 
LE (R—jLo) 
RFL (3.16) 
Let 


R=a cos a, Lo =a sin a where а and a are constants. 


Then, 
a=V RFI" o? and tan aL 
R 
т Еа (cos a—j sin a) 
REL? о? 
—E (cos a—j sin a) 
VREHE ов 
Е eit 
EU 
VREI o 
__ Eg еЇ001-а) 
Jegra C квй) 


(3.17) 


(3.18) 
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Equation (3.18) shows that the current lags behind the applied e.m.f. 
by an angle a=tan HY 
If E=Eo cos wt then in the steady condition the current is 
given by 
_ Eo cos (wt—a) 
VIENTO) 
/ R3-LL*o* is known as the impedance of the circuit and Lo is 
called the reactance of the inductor. 


(3.19) 


3.3.2 An А.С. Circuit with Capacitor and Resistor in Series 
Let a source of sinusoidal e.m.f. of instantaneous value E = Е, еў! 

is applied to a circuit consisting of a capacitor © R 

C and a resistor R in series (Fig. 3.3). If X be =] 

the instantaneous current then the елп. 


equation is, 
q 
3 LRI—E A 
qu Fig. 3.3 
I 
or, J A +RI =E eo (3.20) 
(^ a =f 1d) 
Let us put as a solution, 
І =А еї 
Then 
I 
А 
јла Dm 
From equation (3.20) 
I 
—+RI=E 
JCo i 
1 
or, бё +2) I=E 
E 
or, I = 1 
КЫ 
1 
x (i) 
im 1 
Mo 
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Let, 


1 Р 
R=a соз а, —— —qsina 
Co 


= 2 1 1 
a=,/R Toe tan = GOR 


T 2 (a cos a+ja sin a) 
M =o 


I 
2 
R ta AU 


с=с Kt) Jes. ГЕОЛ 
Mt) 


Equation (3.21) shows that the current leads the e.m.f. by an 


“ШОЛ 5 $ h 1 1 
E Т 2 == 
angle а={ап бор mpedance in this case is N Re+ Ga and Go 
is the reactance of the capacitor. 


3.3.3 An A.C, Circuit with Inductor, Capacitor and Resistor in 
Series 
Let a source of sinusoidal e.m.f. of instantaneous value E—E, е! 
is applied to a circuit consisting of an induc- R П Sc 
tance L, capacitance C and resistance R in 
series as shown in Fig. 3.4. If X be the instan- 
taneous current then the e.m.f. equation is, 


11 
CERITA SE 
T IG Fig. 3.4 


or, 73 (1d 
t 
LERI PESSE бе 3.22 
ШЕККЕН (3.22) 


Let us put аз a solution, 
I =A е!“ 
Then, 


=jo Ае? jo 


and 
franz 
Jo 


———— 
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From equation (3.22), - 
к I 
jLo --RI deo 
i 
or, [ton +) ї=Е 


Е 


p— 8206004 
БЕГИ ШЕ 
8+] (ге сы) 


or we сап write, 
2 1 
к {rj (to—q,)} 


re (2) 


Let, 
R=a cos a, 
Lo — = sina 
Co 
then 
1 
2 = 
a=,/R +(Lo бе 
апа 
Lo u 
tan a= Co 
R 


__Е(а cos a—ja sin a) 


R+ (zo -a 


Е агі" 


(m (re -uJ 


Ee 


‚(гь 
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` (3.23) 


(3.24) 


Equation (3.24) shows that the current lags behind the applied 


js 


e.m.f. by an angle a=tan E. 


In the above equation, 
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R+(Lo -a)-« (say), is known as the impedance of the circuit 
0), - 
ара (Ze -z is the reactance. The reactance here is of two different 
[2] 


А А НЕ У 1 
types; the inductive reactance Lo and the capacitative reactance m 


Which are of opposite in sign. If we put the inductive reactance 
Lo-—X, and the capacitative reactance ase then (X, —Xo) 
can be represented by X, where X is the total reactance. 


Fig. 3.5 shows how the resistance R, the 
reactance X and the impedance Z are related 
to the phase angle a vectorially. The triangle 
thus obtained is known as the impedance 
triangle. In the triangle, the resistance R is 
drawn along the x-axis while the reactances 
X; and Же are drawn along the +-ve and —ve 
j-axis respectively. The vector (= /R?--X*) 
in this case represents the phase of the impressed e.m.f. and so the 
diagram is often referred to as a vector impedance diagram. 


Fig. 3.5 


3.3.4 Alternative Treatment for L-R, C-R and L-C-R Circuits 
in Series 


(а) L-R circuit 


'The e.m.f. equation is, 


Lg VRI E ARA aF 


Let, 

I—1o sin (wt—a) 

d ol, cos (at—a) 
So we have, 


Lolo cos (ot—a) J-RIs sin (t—a) 
=£p sin (wt—a+a) 


=Æ; зіп (wt—a) cos a-I-Es cos (ot—a) sin a 


— ж 
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Equating coefficients of sin (0/—а) and cos (wf—a) from both 
sides we get, 


RIg=Eo cos a 
and 
LoIj—E» sin a 
: Eo 
and 
tan ol 
R 
Eo 
I= JRE) sin (wt—a) 


Taking into consideration the solution of 11 Т А1 =0 which is 
ER 
1—Ae T (A=constant), the complete solution for the instantaneous 


current is 
—Rt 


=> mar un ota) +4 л 


'The second term will disappear after some lapse of time. 
(b) C-R circuit 
The e.m.f. equation is 


CCERI-E-E, sin ot 


or i а=» cos ot 
А I ,dl оЕо 

or cR d R COS ot 

Let, 


I=Ip sin (ot--a) 
dial, cos (wé-++a) 


So we have, 


a sin (wt-+a)+@Jp cos (wt+a) 


= cos (ot--a—a) 


FS cos (ot--a) cos a4 oho sin (wt-+a) sin a 
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Equating co-eflicients of sin (ot-+a) and cos (ot-+a) from both 
sides we get, 


Q-oE, sina 


and 
b= cos a 
i.e. h= an 
1 

P 

and 
1 
ц р 
. I— Ж. ы sin (ot+tana zz) 
А, rm 1 CoR 
Cw? 


Taking into consideration the solution of Rot go which is 
t 


T=Ae CR (A=constant), the complete solution for the instantaneous 
current is, 


f= Eo 
1 
RM 
Al To 


Note that in L-R circuit the e.m.f. leads the current by an angle 
а while in C-R circuit the current leads the e.m.f. by the angle a. 


(c) L-C-R circuit 


sin (ottan can) +A е OR 


The e.m.f. equation is, 
dI 4 A 
pae ILLE 
Ly TG E, sin wt 


ETERNAL IE 
D^ Rab eE. соз ot 


I= sin (ot—a) 


2 
4 doli соз (ot—a) and a= —© Io sin (wt—a) 
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So we have 


Гоо sin (at—a)+Reol, cos (wt—a) +2 sin (wt—a) 


=0Ео cos (ot—a +a) 


1 ы 2 a) 
or, (г a; sin (wi—a) J-RIo cos (ot—a) 


Eo cos (ot—a) cos а о sin (ot—a) sin a 


Equating coefficients of sin (@f—a) and cos (wf—a) from both 


sides we get, 


(to =z) Io=Eo sin a 
Co 


and 
RIo=Eo cos а 
Le. Io= Eo 
Al ero -5 
and 
1 
{ап Деш, _Co 
R 
Eo 


sin (wi—a) 


Е 


The complete solution including the transient term is 


R 
GNE: ani 5-0)! 


sin (ө1—а) --Ae 


Eo 
/R+(Lo -z) 
Me AD Ta) 


where А and B are constants. After some lapse of time in the expression 
for І, only the steady periodic component remains. 
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3.4 Resonance 

A circuit is called resonant when the frequency of the sinusoidal 
e.m.f. becomes equal to the natural frequency of the circuit. In prac- 
tice, a circuit is also said to be resonant when the magnitude of the 
capacitive reactance is exactly equal to the magnitude of the inductive 


: 1 4 5 TA 
reactance, i.c. Lo ai Or in other words, in a resonant circuit the 
[9] 


reactive component of the impedance vanishes and thereby it behaves 
as a pure resistance. 


For a series resonant circuit the impedance is a minimum while 
for a parallel resonant circuit it becomes a maximum. А series reso- 
nant circuit is sometimes called an acceptor circuit and a parallel 
resonant circuit is called a rejector circuit. 


3.4.1 Series Resonant Circuit 
We have found that in an a.c. circuit with inductor, resistor and 
capacitor in series, the current I can be expressed as, 


E 


1=—_——__ (3.25) 
во -e 
where the impedance Z is given by, 
. 1 
Z=R+j (ro GS к (3.26) - 


Now, the reactive component will be inductive for Lo > ! 


Co 
and capacitive for La < ES If the value of the inductor or the 


capacitor is varied such that Lo = 2, equation (3.26) reduces to, 
[2] 


K=R #. 5 (8127) 
The impedance then becomes minimum and the circuit is called series 
resonant. 


For a series resonant circuit since 


1 
Lop=—— 
ок Cog 


or, Op= 
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we have, 


1 
fn Uem (LC) (3.28) 


(7 en-—2nfg) 
where fp is the resonant frequency. 
3.42 Parallel Resonant Circuit 


A parallel resonant circuit is shown in Fig. 3.6 where the capacitor 
С is connected in parallel to the inductor L. To get an expression for 


R 


4 


Fig. 3.6 


current let us first calculate the total impedance of the circuit. Since 
L and C are connected in parallel their equivalent impedance is 
found from the relation, 


1 1 1 
HT E quj et 


оС, 
= aC edes 

joL 
Lec 

joL 
m — ps 
ог, Zea тс sls (3.29) 
where Zeg is the impedance of the LC combination. 


The total impedance Z of the circuit can now be obtained by 
adding the series combination of R with Zeq, 


-R eb. is 1 (550) 
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"Thus knowing Z, the current I in the circuit can be written as, 
I -— LHP LE 5:315 
тәш 
In equation (3.30) for o*?LC—1, the term joL/(1—wLC) becomes 
infinite. The impedance then gives a maximum value and the circuit 


is called parallel resonant. For a parallel resonant circuit since 


og LC=1 
or, Ass. 
v (LC) 
we have, 
= + 3.32 
fn 27y (LC) 35 


where f is the resonant frequency. 


This is the same relation as obtained in the case of series 
resonance. 


3.5.1 Q-factor ; 

In a resonant circuit the value of the resistance is significant for 
determining the current in the circuit. This is important since the 
resistance is also present in the inductor. The effect is similar in both 
series and parallel resonant circuits. However, the former is mathe- 


maticall easier and so considered here to illustrate some important 
features. 


The magnitude of the current in the series L-C-R circuit is given 
by, 


which can be rearranged as, 


(3.33) 


I= D 
меа) 
Е 
= oM 2 690) 
AUN (S) Commu 
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The ratio of inductive reactance (Lo) to resistance (R) is termed 
as the Q-factor of the circuit. At resonance the Q-factor may, there- 
fore, be mathematically expressed as, 


" 


Ох 98 0299) 


3.5.2 Selectivity 

If the total resistance in a circuit is low then the curve obtained 
by plotting current against frequency has a sharp peak. Such a circvit 
is called sharply resonant or highly selective, On the other hand, if 
the internal resistance of the generator is high or the resistance of the 
circuit has a high value then the peak becomes not so pronounced 
and hence the circuit is said to be poorly selective. So for a sharply 
resonant series circuit the generator impedance must be sufficiently 
low. Ў 


То compare the selectivity of one circuit with another one must 
consider the band of frequencies between limits at which the current 


is minimized by a certain amount, say, —— of its maximum value of 


v2 
2 This happens, as evident from equation (3.33), when 
1 
„———=Ё vss .96) 
Lo cS £ (3.36) 
As shown in Fig. 3. x let f, and f; are two frequencies between 
which the current 7 "VE Since the power dissipation at f; and f, 


is half of the maximum value, these points on the response curve are 
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called as half-power points. For f, and f, let us replace o in 
equation (3.36) by (or+o'). Then we have 


1 
зо) Se 5 .37 
Llor + о) Сета) tA (3.37) 
Again, 
ET 
Vis 
: 1 
ie. So -. (3,38) 


Substituting the value of C in equation (3.37) we get, 


L(op+o') Ше 


ово") 
ог, Log SLID ab cae 
JE CUN 
OR 
or, Long--Lo' —Log ( 1 -2 =R 
OR 
(^ og & w’) 
or, Log--Lo' —Log--Lo' =R 
or, 2Lo'—R 
aR 
© oir ss. (9.39) 
Now substituting the value of о’ we have, 
OR—® 
Jute 
R 
RITE e. (8.40) 
and 
orto 
f= Эк 
R 
Stee sso (841) 
- h= 1=А/ 
R 


x e (842) 
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Further by equation (3.35) we have, 


fa- LER (8143) 


BE 


=0х i m (844) 


Equation (3.44) gives the selectivity of the circuit for a variation 
of supply frequency. In practice the supply frequency is altered and 
the difference in frequency Af between the half-power points is calcu- 
lated. When the resonance frequency fp is divided by this quantity, 
the Q for the circuit is obtained. 

Sometimes the supply frequency is kept constant and the tuning 
capacitance is varied for getting the Q, value. If Cz is the capacitance 
at resonance then the required relation is, 


NONOR <. (8.45) 


3.6 А. С. Bridge Circuits 

The principle of Wheatstone bridge can also be applied for an 
a.c. source. Analysis of this circuit proceeds similarly as in d.c., except 
that here complex impedances and currents are used. The detector is 
a tuned vibration galvanometer or a telephone receiver. At balance, 
the voltage across the detector is zero and so 
2108229 

Z, Z, ET (3.46) 

where Z,, Z,, 2, and Z, are the vector impedances of the branches. 


The balance condition of equation (3.46) involves the equality 
of two complex numbers. Such independent balance adjustments of 
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both real and imaginary parts are essential in a.c. bridge circvits 


This will be evident from the’ consideration of the generalized 
Wheatstone network as shown in Fig. 3.8 


Г 


Fig. 3.8 


For balance, we can write, 


R ——— — a 
ыт Ro _ RUP Ryo 
Ry jLx@ MO SORT Ry Lo + ERT 
(a) If L,=L,=L,;=L,=0 
and : 
R/TR/-R/-—R/—0 
we have, 
К. 
Р, Р, 5$ (3.47) 
(b) IF RQ—R,—0, 
(PESE 
and 
RBQ-LRQyLRRQ-R4-0 
We have, і 
Лао _Rs 
Лао Ry 
R 
55 ТЕЕ: 
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(c) If R,—R$,—0, 
L,=L,=L,;=L,=0 
and 
R/=RJ =, 
R; =R; =0 
We have, 
ELE 
бо _ 
1 R; 
ЈС 
С.Е; 
у Gy Re 
(d) If Lj—L,—0 
and 
Ri =R} =R; =R,' =0 
We have, i 
RAL Rs 
RAL Р 
or; RR AGL OR, =RRyjLoR, 


47 


(3.49) 


(3.50) 


Equating real and imaginary parts of equation (3.50) we have, 


RR =R,;R; 
EIERS 
ог, В.Р, 
апа 
LyoR,—L,oR; 
L, Bs 
or, Teak: 


By. equations (3.51) and (3.52), 
Ri Ry LL, 


УЕ Е 


(8.51) 


(3.52) 


(8.53) 
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3.6.1 Inductance Bridge 


(i) Maxwell’s bridge: The circuit diagram of Maxwell’s bridge 


is shown in Fig. 3.9. It is a very early 
form of bridge used for measurement of 
inductance in terms of capacitor and 
resistances. 


For balance, we have, 


Z,_Z 


21—28 


2. 24 
1 Do». 
where, mE +jCo 
2 2 


JU EE Rabe 
f (gio) mpm. 


Equating real and imaginary quantities of equation (3.54) we get, 


Ri Ra 
Е, Р, 
апа 
L 
GR,— R, 
or, L=CR,R, 


Equation (3.55) is used to calcu- 
late the inductance. 


(ii) Anderson’s bridge: It is one 
of the most accurate methods for 
measuring inductance over a wide 
range. The circuit diagram of the 
bridge is shown in Fig. 3.10. For 
simplicity, let R, includes the resis- 
tance of the inductor L. Then consi- 


dering Fig. 3.10 we have, 
HAG +10), — 1, (Ry +R EjLo) 


LA,—r (z 3 E ) 


| 
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A IRURE -. — (8.58) 


From equation (3.57), 
R 


-r 
L= (st Rı ER xax) 220) 
From equation (3.58), 
r 
L= 
2 Сер, (#60) 


Now, equation (3.56) can be rewritten as, 


L (R5 4-85) HR =i (R3 +R, +jLe) 


[R 1 ‚ 
ог, I eon] (Rite) YR, 


zo (Rs HRS +jLo) 
(putting values of I, and 1) 
o, CREER CERO ip, 
1 


oum 


Е.Р, 
JjCoR; a 
Equating imaginary parts of equation (3.61), 
RitR, Р-Р, 
THEO 
Ryo 
EUR, , et (3.62) 
Equating real parts of equation (3.61), 


(+В) 
Ry 


(8.61) 


or, 


Hace 
or, L=CR, [ а] 
=) на] 


-c| (5-8) aen e c (8.63) 
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From equation (3.62) we have, 
RR; 
тз ДЮ 
d ev 
and hence by (3.63), 


L=C[(R3+Rs)R+RRs] о (6199) 
Using equation (3.64) the inductance Г can be found out. 
3.6.2. Capacitance Bridge 


Schering bridge: The circuit diagram of the bridge is shown in 
Fig. 3.11. It is one of the best methods of determining the capacitance 


Fig. 3.11 


C, in terms of the known capacitance Сз. Са is a variable capacitor in 


the circuit; 


For balance we have, 


Zi Zs 
Z Z, 
1 
FR 
or, EOE 1 (= i 
Re UU Z tic) 
Cp Rs г 5 
ог, c; oom = RGR EE (3.65) 
Equating real and imaginary parts of equation (3.65), 
Cs Rs 
C, Р, 


and 
C4R,—C4R, 


| 
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Ву varying C, and R, the balance point is found. Then the value 
of the unknown capacitance C, is obtained by, 


(8.66) 


3.7 Ideal Transformer : 

А transformer in electrical power circuit is normally used to either 
step up or step down a voltage by its two multiturn coils inductively 
coupled with each other. Any practical transformer has certain losses, 
such as, eddy current loss, hysteresis loss, copper loss, flux leakage etc. 
In an ideal transformer all the magnetic flux from the primary winding 
is intercepted by the secondary winding. We have considered below 
what is meant by an ideal transformer. 


Fig. 3.12 
In Fig. 3.12 let the two coils, primary and secondary, are wound 
on a common magnetic core whose inductances are respectively Lp 


and Ls. Then, 
L Np s 
= [| сәх 


where № and № are the number of turns in the coils. 
If all the magnetic flux set up by the first coil links with the other 
then the mutual inductance M is given by, 
M-—A/ LpLs .. (8.68) 
In the figure, as shown, the primary coil is connected to a gene- 
rator of e.m.f. E while the secondary coil is connected to an impedance 
21. By applying Kirchhoff’s second law to the two meshes we have, 


(Rp+joLy)l,—joMI,=E e | (8:69) 
(Rs јо +2), јә M 1, —0 drei (8:70) 


ani 
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From equation (3.70) we get, 


nes 210000481 x BA 
2 Р.јә +A pas 
Substituting the value of I, in equation (3.69), 
p ?M?I 
Rp+jols),+ 2515. 
Келе VR Lol 
or, (Rp+joLp) + oe = eo (3.72) 


ReHols+a X 
If the resistance is negligibly small compared with the inductance 


of the winding then the impedance viewed by the generator at the 
primary terminals is, 


E o2M? 
Egal. et 


OD pls tjolpZi+-o2M? 
JeL-- 4 


L=M joli eM? ү. wq, 
TTA (5 M=v aL) 


ШЕГУ 
JoLrg 


sex 
Le. E 


Lp joL, 
If Lp is very large so that joLp>> 1, then 


LUE 
Lolo, 


щш a 
= Де). 21 ul щ(8,78) 
[by equation (3.67)] 


The impedance Z in equation (3.73) gives an expression for an 
ideal transformer. 
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Examples 


1, The equation of an alternating current is i=50 sin 400 дї amps. What 
are the frequency and the peak value of the current? What is the r.m.s. value? 


ng 


Calculate also the form factor of the current. 
We know that the general equation of an alternating current is, 


I= sin ct 
' = sin 2zxft 
Comparing this with the equation given, viz., 
^ i=50 sin 400 zt 
we get, 
З 277—400 = 


(i) The frequency f=200 c.p.s. 
(ii) Peak value of current, 75—50 amps. 


(її) The r.m.s. value of current 


50 
I, =-—©_=-——.—35.4 amps. 
T..5. 2 V2 р: 
(iv) The form factor of current 
Ir 
Feurrent — L1 
ean 
21, 100 
Now, Inan ts 
ty ip 
50//2 т 
Fe t=— = _*_=1.11. 
ул 
т 


2. Ап clectric lamp of resistance 10 ohms operates ап 100 volts d.c. It is 
required to run the lamp from 220 volts 50 cycles a.c. supply. Calculate the induc- 


tance of the choke coil necessary. 
We have, 
DA Eo TS E, 
VRLO? — A/RIYXATSIBS 
Here, the current required by the lamp, > 


neg amps. 


. Now 
Eo=220 volts, R=10 ohms, f=50 с.р.з. 
3 10— 220 
1004472 х 502 x L2 


or, L=6.531 x 107? henry. 
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From equation (3.70) we get, 


. JeMh — m N39 
Rstjols +21 


Substituting the value of I, in equation (3.69), 


еМ? E 
Rs+tjols +1 


L= 


(Rp A joLy)t + 
meo sk Pam) 
R.kjehc& 4 

If the resistance is negligibly small compared with the inductance 


of the winding then the impedance viewed by the generator at the 
primary terminals is, 


or, (R5 joy) + 


Z=j oM? 
Dd Tob + 


= ofl pla joy ict M? 
JoL--Zi 


29M +joLp kito M 5 A T 
jelgo7; (7 M=+/(LpLs)) 


— Joly Xi 
JoLs--&t 


ашсам 
La 
Tp Joly 
If Ly is very large so that joLy 77 4i, then 


— 
14| 


-(2) EE 
-G. & УЕ) 
[by equation (3.67)] 


` "The impedance Z in equation (8.73) gives an expression for an 
ideal transformer. 
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Examples 


І. The equation of an alternating current is i=50 sin 400 zt amps. What 
are the frequency and the peak value of the current? What is the r.m.s. value? 
Calculate also the form factor of the current. 


We know that the general equation of an alternating current is, 
I=Ig sin ct 


—I, sin 2xft 
Gomparing this with the equation given, viz., 


i=50 sin 400 л! 
we get, 
: 2xf—400 = 
(i) The frequency /==200 c.p.s. 
(ii) Peak value of current, 7;—50 amps. 


(ii) The r.m.s. value of current ` ' 


Ir.m.s. 
Feurrent= rms: 
ean 
Io 100 
Now, Inean == 7 
0/4/2 x 
гё Е {=—~— =___=1.1]. 
100 22 
T 


2. An clectric lamp of resistance 10 ohms operates an 100 volts d.c. It is 


required to run the lamp from 220 volts 50 cycles a.c. supply. Calculate the induc- 
tance of the choke coil necessary. 


We have, 
V RL%92 AV R2-- Ag Lf? 
Here, the current required by the lamp, Р 


==! amps. 


Io=. Eo Eo 


. Now 
Eo=220 volts, R=10 ohms, f=50 c.p.s. 


2 E ETTE E 
A/100--45:3x 502 x L2 
or, L—6.531 x 10-? henry. 
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3. An alternating voltage of 100 volts at a frequency of 25 c.p.s. is applied to a 
circuit containing a resistance of 1.5 ohms and an inductance of 0.01 henry in series. 
Find the current flowing, the angle of lag and the potential difference across the 
inductance and resistance. 


Here, г 
R=1.5 ohms 
L=0.01 henry 
E5100 volts 
f=25 с.р.5: 
* (i) The current 
Eo 
ај 
RIALS? 
100 
= 
AV (1-5)2-+4722(0.01)? (25)? 
00r УТО amps. 
2.122 
(ii) pea о еу: 
R 
_2х25х0.01 
1.5 
=®=10472 
3 
2. 0,—46?19'. 


(iii) Voltage across the resistance=I) XR 
=47.12 1.5 
=70.68 volts 


(iv) Voltage across the inductance=Ig x Lo 


—47.12 x 0.01 х2: х25 
COUR 7401 volts. 


4. An alternating e.m.f. of 200 volts and 50 c.p.s. is applied to а) condenser in 
series with a 20 volts 5 watts metal filament lamp. Find the capacity of the con- 
denser to run the lamp. = . 


We have, 
p= Eo 


1 
Rip—— 
N TO 
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Here, 
—Bowe _ 5 0.25 amps 
voltage 20 
and so 
n—29 go ohms. 
0.25 
Also, 
Eo=200 volts. 
f=50 c.p.s. 
Now, 
025— 200 
1 
80)24-— ——— 
Ah ) TG (50)? 
ог, С=3.999 x 10-9 farad 


=4 uF (approx.) 
5, Calculate the current in a circuit consisting of a condenser of capacity 
4 pF and a coil in series when the applied voltage is 220 a.c. 50 c.p.s. and the 
resistance and inductance are 60 ohms and 3 henries respectively. Find also the 


power factor of the circuit. 


We have, 
Ij—— Ў 
2 
$ N B+ (Loo ег 
Со, 


where Z is the impedance. 


Here, 
C=4uF=4 x 10-9 farad 


E,—220 volts 
f=50 c.p.s. 
R=60 ohms 
L=3 henries 
Now, 


220 


1 2 
60)2-£ [22:50:33 с ЕЕЕ Ен 
nk ) +( ip — 


. 220 
. 1588 


—1.386 amps. 


I= 


Power factor, 
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Self-Test 
Read each of the following and provide the appropriate words: 


(а) By mean current is meant the average value of that quantity over а — 
half cycle. 


(b) The product £,.5;.5, ХІ, m.s, is called the — power. 


(c) The form factor of an alternating current may be defined as the ratio of — 
value of current to the mean value of current. 


(d) A circuit is called resonant when the frequency of the sinusoidal c.m.f. 
becomes equal to the — frequency of the circuit. 


(с) For a series resonant circuit the impedance is a —. (minimum/maximum). 
(f) The ratio of inductive reactance to resistance is termed as the — of the 
circuit. 


(g) Maxwell's bridge is used for measurement of — in terms of capacitor 
and resistances. 


(h) In an ideal transformer all the magnetic flux from the secondary winding 
is intercepted by the primary winding. (True/False). 
Review Questions 


1, Distinguish between the mean value and the root mean square value of an 
alternating current and find the relation between them. 


Deduce an expression for the power consumed in a circuit carrying an alterna- 
ting current. 


2. (a) Define mean, r.m.s. and peak values of an alternating current and 
establish their relationships for a sinusoidal current. 


3 \ 

(b) Define form factor and find its value for an alternating current. 

3. Define and explain reactance and impedance of an alternating current 
circuit. ` 

4. Obtain a relation between current and voltage in an alternating current 
circuit consisting of resistance R and inductance L, 


5. An alternating e.m.f. e—E sin ct is applied to the ends of a coil having а 
resistance R and self-inductance L. Calculate the current in the circuit. 


6. Obtain an expression for current when a sinusoidal e.m.f. is applied to 4 
circuit with capacitor and resistor in series. 


7. Find a relation between current and voltage in an a. с. circuit with inductor, 
capacitor and resistor in series. 


8. When a circuit is called resonant? Find expressions for series resonant and 
parallel resonant circuits, 


9. Define Q-factor. Obtain its expression at resonance. 


10. When a circuit is called highly selective ? Calculate an expression for the 
selectivity of the circuit for a variation of supply frequency. 


11. (a) Calculate expressions for the inductance L of (i) Maxwell's bridge and 
(ii) Anderson’s bridge. 


(b) Explain how the capacitance can be determined using a Schering bridge 
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12. Calculate the impedance Z of an ideal transformer. 


13. If the maximum instantaneous current has a value of 40 amps., find the 
current wave equation for a frequency of 50 c.p.s. (Ans. i—40 sin 3141) 


14. The equation of an alternating current is i=50 sin 400 zt. What are the 
frequency and the peak value of the current? What is the r.m.s. value? 
(Ans. 200 c.p.s., 50 amps., 35.36 amps.) 
15. An alternating e.m.f. of 200 volts and 50 c.p.s. is applied to a condenser 
in series with a 20 volts 5 watts lamp. Find the capacity of the condenser required 
to run the lamp. (Ans. 4uF) 
16. An electric lamp which runs at 100 volts d.c..and 10 amps current is con- 
nected to 200 volts a.c. mains of 50 c/s frequency and current is found to be 15 amps, 
Calculate the inductance of the lamp. (Ans. 0.028 H) 
17. An electric lamp which runs at 100 volts d.c. and 10 amps current is con- 
nected to 200 volts 50 cycles a.c. mains. Calculate the inductance of the choke to 
be used in series. (Ans. 0.055 H) 
18. Calculate the resistance which must be connected in series with an induc- 
tance of 0.2 henry in order that the phase difference between. the current and e.m.f. 
may be 45° when the frequency is 60 cycles per second. (Ans. 75.39 ohms) 
19. A choke of inductance 0.005 henry, a condenser of capacity 600 uF and a 
heating coil of resistance 2 ohms are connected in series. Find the value of current 
in the circuit when a p.d. of 100 volts at 50 cycles per second is applied to it. 
(Ans. 23.7 amps.) 


CHAPTER 4 
VAGUUM TUBES 


4.1 Introduction 

Vacuum tubes ushered in the age of electronics. Now-a-days 
though vacuum tubes have been upstaged by solid-state devices like 
diodes, transistors and integrated circuits, they are still used in various 
electronic equipments. Of course, vacuum tubes have undergone 
many changes since the introduction of the Fleming valve. The early 
tubes were physically large and complicated in operation while 
modern production have transformed these into small in size with high 
efficiency. 


42 Classification of Vacuum Tubes 

Vacuum tubes are classified in a number of ways as discussed 
below: 

(i) Depending on the number of electrodes: (a) Diode has two elec- 
trodes: an anode and cathode. (b) Triode has three electrodes: anode, 
cathode and control grid. (c) Tetrode has four electrodes: anode, 
cathode, control grid and screen grid. (d) Pentode has five electrodes: 
anode, cathode, control grid, screen grid and suppressor grid. Simi- 
larly hexode has six electrodes, heptode has seven electrodes and so 
on, 


(ii) Depending on the presence or absence of gas: (a) High vacuum 
tubes: After mounting of the electrodes in the tube envelope, the gas 
is removed from the electron tube with a vacuum pump of the order 
of 10-8 atmosphere. (b) Gas tubes: After evacuation an inert gas is 
inserted within the tube envelope. : 

(ui) Depending on the type of cathode used: (a) Thermoionic 
tubes: In these tubes cathode is heated for emission of electrons. 
(b) Electron multiplier tubes: Electron emission at a number of 
electrodes, called dynodes, takes place due to secondary emission. 
(c) Cold cathode tubes: Electron emission is obtained by high field. 
(d) Photo tubes: Cathode emits electrons when light falls on it. 


4.3 Diode Valve 
The term ‘di-ode’ means two electrodes. The valve consists essen- 
tially of a cathode which serves as an emitter of electrons surrounded 
by a plate or anode which acts as a collector of electrons. Both the 
58 
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electrodes of the valve are sealed inside an evacuated glass or metallic 
envelope. The emitter may be either directly or indirectly heated type. 
A diagram of the directly heated diode is shown in Fig. 4.1(a) and 


(b) 


(a) 
Fig. 4.1 
its schematic symbol in Fig. 4.1(b). In the figure, F is the filament 
surrounded by a hollow cylinder A known as the anode. The anode is 
usually made of nickel, molybdenum, graphite, iron etc. 


4.3.1 Operation 

From the basic law of electricity we know that like charges repel 
and unlike charges attract each other. Electrons emitted from the 
cathode surface may be either attracted to or repelled from the anode 
depending on whether the anode is charged positively or negatively. 
When the anode A is kept at a positive potential relative to the fila- 
ment F by means of a high tension battery as shown in Fig. 4.2(a), 
electrons are able to move from cathode to anode owing to an attrac- 


mA 


Fig. 42 
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tive effect of the electrons and the valve is said to conduct. But if 4 
is maintained at a negative potential relative to F, as shown in Fig. 
4.2(b), no electrons would reach at A due to the repulsive effect on 
them and so the valve would not conduct. Thus the anode current 
flows in a diode only when the anode is made positive with respect to 


filament. No current flows when the anode 


is negative with respect to 
filament. 


4.3.2 Characteristic Curves 
The curves obtained on plotting anode current along the J-axis 
against anode voltage along the x. 


-axis is called the current-voltage 
characteristics of a diode. Since current and voltage involved pertain to 
the tube alone, 


irrespective of the associated circuits, the charac- 
teristics thus obtained usually referred to as ‘static characteristics’. 
Fig. 4.3 illustrates a circuit for determining the static characteristic 


Fig. 4.3 
curves of a directly heated diode, In the figure, 


positive potential relative to F by means of a Н. T. battery. The anode 
current iy is read on the milliammeter in the circuit. 


The anode voltage e; is gradually increased in regular steps and at 
each step the anode current і is recorded keeping the filament current 


the anode A is kept at a 


constant, The observations are repeated for different values of filament 


current. For static characteristic curves the anode current is then 
plotted against anode voltage as shown in Fig. 4.4. 


The nature of the curve may be explained easily. The number of 
electrons reaching the anode depends on the electrostatic field round 


the filament. When é is zero, the electrons emitted at F will be attrac- ` 


ted back to F again. So no anode current ip is obtained. Next, when ep 
is made positive some electrons will reach A and the electrostatic 


field round the filament is determined by the anode potential су. ia 


f 
VACUUM TUBES 61 


practice, for any given value of anode voltage a balance is reached at а 
certain value of anode current when the number of electrons emitted 


Ж tf3>if2>İfı 


В 

i f 

Ж à 

i p in Volts —›>- 
Fig. 44 

4 

Ба 


become equal to the, numbers collected by the anode. It may be men- 
tioned here that at very high anode voltages oxide-coated cathodes 
may become damaged because of abnormally large emission. Gene- 
rally, electron tubes are operated in the space charge limited (low ej) 
region. 
4.4 Triode Valve 

The triode valve, as the name implies, contains three electrodes: 
a cathode of either filament or indirectly heated type, a control grid 
and an anode. The control grid was first introduced in 1907 by Lee de 
Forest. It is usually made by a spiral of fine wire placed between the 
cathode and anode, usually close to the cathode. : 


G 
A 
(b) 
jt 
› Fig. 4.5 
* The components of a triode valve and its schematic symbol are 


shown in Fig. 4.5. The filament is made by a fine tungsten wire, the 


Ex 
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two terminals of which are sealed in a glass base g and finally connec- 
ted to two long pins (F, F). Around this filament the grid made by 
molybdenum wire is situated in the form of spiral as shown; the inter- 
spaces between the turns of which are sufficiently wide so that elec- 
trons can flow easily through them. The grid is sealed to the base and 
connected to a pin G attached to it. Next, the anode which is a nickel 
cylinder is constructed surrounding the grid. This is supported on the 
base by two wires, one of which is connected to А attached to the base. 
The whole arrangement, viz., the filament, grid and the anode are 
enclosed in a glass casing which is evacuated to a pressure of about 
10-5 mm. 


4.4.1 Function of Control Grid 

Since the control grid is usually placed close to the cathode, the 
potential applied to the grid has a greater effect on the electric field 
inside the tube. The grid, therefore, has a controlling effect on the plate 
current. The control grid in operation is kept at a negative potential 
with respect to the cathode. As a result, it does not draw any current 
and consume power. 


As the voltage applied to the grid is made gradually negative, 
the space current also reduces. Ultimately a certain value is reached 
when the space current and hence the plate current becomes zero. 
Such a grid voltage at which plate current vanishes is known as 
‘cut-off grid voltage’. 


4.42 Characteristic Curves 

When the grid potential is made negative relative to the cathode, 
electrons do not flow іп the grid circuit and hence %==0. In a triode 
valve then we have three variable quantities: (i) plate current (ib); 
(ii) plate voltage (ey) and (iii) grid voltage (ев). Accordingly three types 
of characteristics are there: 

(a) Plate current-plate voltage characteristics, or plate charac- 
teristics. (b) Plate current-grid voltage characteristics or *mutual 
characteristics’. This is also known as ‘transfer characteristics’, And 
(c) Plate voltage-grid voltage characteristics or “constant current 
characteristics’. This is further known as ‘amplification characteris- 
tics’, 

Since the characteristics refer to the tube alone without any 
allied circuit, the curves such obtained are known as static charac- 
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teristic curves. The basic circuit diagram for finding the static charac- 
teristic of a triode is given in Fig. 4.6. 


э Fig. 4.6 

Plate Characteristics: When the grid voltage e; is made constant and 
the plate voltage e» is varied, the plate current i will also change. 
The curve connecting plate current (ip) with the plate voltage (ep) is 
called the plate characteristic curve corresponding to that ec. If ec is 
# changed to different values and iy and ер are altered, we may get 
different characteristic curves. A group of characteristic curves, such 
obtained, have shown in Fig. 4.7(a). 


7 ес= OV 
| -@c=-2V 
3 Ea 
b 
| ep—> ace 
L (о) (b) 


Fig. 4.7 

Mutual Characteristics: For a fixed anode voltage (ep), if ec is varied 
and the corresponding ір is noted we may draw (i5-ec) curve as shown 
in Fig. 4.7(b). The curves such obtained are known as mutual charac- 
teristics of a triode valve. When the grid voltage is increased on the 
positive side, each of these curves will first run parallel and finally 
approach the saturation value. The mutual characteristics are curved 


| at their lower part and fairly straight and parallel for major portions. 
Amplification Characteristics: The amplification characteristics or 


the constant current characteristics of a triode are shown in Fig. 4-7(c). 
| " 4A [ELECTRONICS] 
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These may be obtained from the plate characteristics by drawing 
horizontal line for constant platé.current and grid voltage at each 
intersection. 
4.4.3 Valve Constants 

The design factors of a valve are summarized by a series of 
numbers, called the valve constants. Valve manufacturers publish 
a manual in which these constants are listed along with the charac- 
teristic curves and other ratings for each valve. The three most impor- 
tant constants of a valve are: (i) the anode slope resistance or the 
a.c. plate resistance, (ii) the transconductance or the mutual conduc- 
tance, and (iii) the amplification factor. 
(i) Plate Resistance (rp) 

This is defined as the ratio.of a small change in plate voltage to 
the corresponding change in platé current, when the grid voltage is 
kept constant. Mathematically, | 


А.С. Plate Resistance, 


19 _ Aep 
8ip Аїр | ec=constant 
where Aep—a small change in plate voltage, 


(4.1) 


Aiy=a small change in plate current. 


Since гр is a ratio of two small quantities, it is correctly called 
‘incremental plate resistance’ or the ‘dynamic plate resistance’. Again 


as it represents the slope of anode characteristic, it is also known as 
‘anode slope resistance’. 


The a.c. plate resistance differs from the d.c. plate resistance which 
is the ratio of the plate voltage to plate current, i.e., ev/iv. The d.c. plate 
resistance is also known as the static plate resistance of the valve. The 
unit of plate resistance is ohm. 

(ii) Transconductance (gm) 

-This is defined as the ratio of a small change in plate current to 
the cofresponding change in control grid voltage, when the plate 
voltage is kept constant. Mathematically, 

Transconductance, ч 


Bip Ain 


(4.2) 
Em Sec Aco | ep--constant 
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"^ where Aip=a small change in plate current,’ 


Aec=a small change in grid voltage: 


Since the transconductance relates a quantity on the plate side to a 
quantity on the grid side it is also called ‘mutual conductance’. The 
unit of mutual conductance is;expressed in mho (Ohm spelled back- 
ward). 


(ш) Amplification Factor (и) 

This is defined as the ratio of a small change in plate voltage to 
the corresponding change in grid voltage, when the plate current is 
kept constant. Mathematically, ; 


Amplification factor, 


ETT | 
Eu Ab ur эмд i (59) 


where Aey=a small change in plate voltage, 
Aec=a small change in grid voltage. 


To determine the amplification factor it is therefore required to 
change the plate voltage by a certain amount, record the change in 
plate current and then change the grid voltage by an amount just to 
attain the резо value of the peus current. 


4.4.4 Relation between rp, gm add ш 
We сап write the mathematical form of the amplification us 


as, 


= x= 
бес “бт бес 
—fIyX8m See (4.4) 
That is the amplification factor is equal to the product of plate 
resistance and mutual conductance. The three valve constants are thus 
interrelated in accordance with their definition. 


4.5 Tetrode 

A tetrode valve has two grids in addition to cathode and anode. 
‘The first one, as'mentioned before, is called the control grid while the 
‘second grid is known as the screen grid. In the construction, the screen 
grid 3s placed between the control grid and the plate and thus avoids 
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the undesirable grid-to-plate capacitance. The schematic symbol of a 
tetrode valve is shown in Fig. 4.8. 


LN 
F| 


M 
Fig. 4.8 

4.5.1 Functions of Screen Grid 

The screen grid of а tetrode valve is usually maintained at a high 
potential value, even sometimes greater than that of the plate. The 
screen grid of a tetrode valve has two important functions. First, it 
being maintained at a positive potential, helps to overcome the space 
charge effect and hence increases the plate current and mutual con- 
ductance. Secondly, when the valve is used as an amplifier, the screen 
grid eliminates the evil effect of interelectrode capacitance between 
the control grid and the anode. 


4.5.2 Characteristic Curves 
The circuit diagram for studying the characteristic curves of a 
tetrode is shown in Fig. 4.9. In this valve since flow of electrons takes 


Fig. 4.9 ” 
place from the cathode to the screen and the anode, we can draw 
several static characteristic curves. In operation, the tetrode is similar 
to the triode with the cathode near ground potential, the control grid 
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at a small negative value while the screen grid and the plate at a fairly 
high positive values. The positive voltage applied to the screen helps 
to accelerate the electrons to the plate. 

In order to study the characteristic curves of a tetrode, the screen 
grid voltage (ecə) is kept at a fixed high value. Then for a particular 
control grid voltage (ec) the plate voltage e» is increased in steps and 
the corresponding screen grid current ic, and the plate current ip are 
noted. The experiment is repeated for different control grid voltages 
and the curves as shown in Fig. 4.10 are obtained. In the figure the 
space current, which is the sum of iy and iea, is found to be constant. 
This happens because the screen grid screens the plate from both the 
control grid and the cathode, as a result the field of the plate does not 
penetrate through the screen grid and hence no effect on space current. 
That is why the total space current (ib-+icọ) remains almost constant 
in spite of increase in plate voltage. 


Lh фт 
Space current (ip ico) 


leg 


eb їп Volts—e 
Fig. 4.10 
In Fig. 4.10, as shown, with the increase of plate voltage, plate 

current increases at first as represented by PQ, after which in the 
portion QR of the curve it goes to decrease. This means that the tube 
behaves as a ‘negative resistance’, This phenomenon is known as 
‘dynatron effect’. It is seen from the figure that when the plate current 
decreases, screen current begins to increase. This strange behaviour 
happens due to the emission of secondary electrons. What happens is 
that when the plate voltage is raised, electrons are speeded up suffi- 
ciently to dislodge loosely held electrons within the plate and project 
them as secondary electrons between the plate and the screen grid. 
These secondary electrons go to the screen grid as its potential is more 
positive than that of the plate and thus decreasing the anode current 
and increasing the screen current. 
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4.6 Pentodes 

A. pentode valve has five electrodes. These are: (i) cathode, 
(i) control grid, (ii) screen grid, (iv) suppressor grid, and (v) plate. 
In the construction of a pentode the suppressor grid is placed between 
the screen grid and the plate as shown in the schematic symbol of 
Fig. 4.11. Since the performance of a pentode is much superior to 
that of a tetrode, the former is widely used in preference to tetrode. 


Fig. 4.11 


4.6.1 Functions of Suppressor Grid 

In a pentode, the suppressor grid is connected directly to the 
cathode and thus maintains a negative potential with respect to anode. 
The secondary electrons emitted by the anode are therefore repelled 
by the negative suppressor grid and are driven back to the plate 
again. In this fashion the grid eliminates the effect of secondary elec- 
trons and hence the plate current rises smoothly with the increase of 
plate voltage. 


The addition of suppressor grid also increases the shielding 
action between the plate and the control grid and thus reduces the 
grid to plate capacitance. Because of high screening, the plate current 
is little affected by the plate voltage and so both the plate resistance 
and the amplification factor of a pentode become extremely high. 


4.6.2 Characteristic Curves 

'The circuit diagram for studying the characteristic curves of a 
pentode is shown in Fig. 4.12. Here also, as in the case ofa tetrode, the 
Screen grid is kept fixed at a high potential. Then for a particular 
control grid voltage, the plate voltage is altered in regular steps and 
the corresponding screen grid and the plate currents are noted. The 
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Fig. 4.12 


nature of the curve thus obtained is shown in Fig. 4.13. For a pentode 
also the space current (ib+ica) is plotted against the plate voltage. 


ыс; ip ticg)in тА —= 


ep in Volts ——- 

Fig. 4.13 
It is seen that the kink in the plate characteristics of the tetrode is 
eliminated here as the effect due to secondary emission has been 
suppressed. 


The mutual characteristic curves for a pentode may be obtained 
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Fig. 4.14 
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in the same way as that for a triode. The nature of the curves is shown 
in Fig. 4.14. In this case, however, the curves found for different plate 
voltages are very closely spaced unlike triode. 


4.7 Beam-Power Tube 

Beam-power tube is a very useful hybrid between a tetrode and a 
pentode. Like a tetrode it has two grids, yet it behaves like a pentode by 
arranging special electrodes so as to produce a negative space charge 
close to the plate. Secondary electrons are repelled by this negative 
space charge and back to the plate again. Therefore it is similar to the 
behaviour of a suppressor grid in a pentode. The schematic symbol of 
а beam-power tube is shown in Fig. 4.15. 


Beam confining 
Electrodes 
SS 


Fig. 4.15 


Beam-power tube is superior to that of a pentode as it gives higher 
Plate efficiency and higher power output for a given harmonic dis- 
tortion. Moreover, it gives a small ratio of screen grid current to the 
plate current than in a pentode. 


Examples 


І. In a triode valve, for a grid potential of 2 volts the output current ms 
5 m. amps with an anode potential of 220 volts. When the grid potential is chang: 
to 4 volts the current rises to 7 m. amps with an anode potential of 260 volts. S 
the value of plate resistance, transconductance and the amplification factor of the 
valve. 


We have, 
Change in anode potential, Aey—260—220—40 volts 
Change in anode current, Aiy—7—5-—2 m. amps. 


Change in grid potential, Ae, —4—2—2 volts. 


VAGUUM TUBES 


By definition, 
Plate resistance, p= Де 
А 
= si oh: 
2x10-9 


Transconductance, g,,—-— ^? 


=10-3 mhos. 


Amplification factor, page 


ёс 


40 
2 


=20 
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2. Find the amplification factor of a valve if its plate resistance is 20 K and 


mutual conductance is 2 m. amps/volt. 


The mathematical relation between p, rp and gm can be written as, 


Ш=?7р X £n 
Here, 
Tp=20K 


=20 x 103 ohms. 
fm —2 m. amps/volt 
=2 x 10-3 mhos. 
1,20 x 103 x 2 x 10-9 
=40. 
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Self-Test 


Read each of the following and provide the appropriate words: 
(a) The early tubes were physically small and simple in operation. (True/False). 
(b) No currert flows when the anode is — with respect to cathode. 


(c) The curve obtained on plotting anode current against anode voltage is 
called the — characteristic. 


(d) At very high anode voltages oxide coated cathodes may be damaged due 
to abnormally — emission (large/small). 


(е) The control grid in operation is kept at a — potential with respect to 
cathode. 


(f) In a triode we have three variable quantities: plate current, plate voltage 
and — voltage. 


(g) The ratio of a small change in plate current to the corresponding change 
in control grid voltage is called —. 


(h) In the construction of a tetrode valve the screen grid is placed between 
the control grid and the —. 


(i) Beam power tube is superior to that of a pentode as it gives higher — 
efficiency and higher — output. 


Review Questions 

1, How vacuum tubes can be classified ? 

2. Describe a diode valve. What are the static characteristics of a diode? 

3. Describe the construction of a triode valve. Clearly indicate the function of 
a control grid. 

4, Describe an experimental arrangement for obtaining the characteristic 
curves of a triode valve and of calculating from them the amplification factor and 
the internal resistance of the triode. What do these constants signify? 

5, Establish a mathematical relation between Ho Tp and gm of a triode valve. 

6. Explain with the help of suitable diagrams the characteristics of а tetrode 
and a pentode. 

7. What are the functions of (a) screen grid and (b) supressor grid? 

8, What is a beam-power tube? 

9. If the anode current of a triode valve is changed from 8 to 14 m. amps the 
anode potential changes from 80 to 120 volts, Determine the valve constants if the 
changes above are obtained for a change of grid potential by 2 volts. 

(Ans. rp =6,666 ohms, gj —3 х 10-8 mhos, j,—20) 
10. Calculate the plate resistance of a valve whose mutual conductance is 1.5 
m. amps/volt and the amplification factor is 30. (Ans. 20 000 ohms) 


СНАРТЕК 5 
PHOTO ELECTRICITY 


5.1 Introduction 

The photo electric effect was first discovered by Hertz in 1887 who 
observed that air in the spark gap became a better conductor if the 
negative electrode was illuminated with ultraviolet light from an arc 
lamp. The effect was later studied by a number of research workers. 
Hallawachs noticed that the alkali metals give the largest amount of 
electrons and therefore they are best suited for photo emissive effects. 


From their experiments it was evident that only negatively 
charged particles are emitted from a surface irradiated by UV radia- 
tions. From the measurement of the specific charge (e/m) of these 
particles Lenard concluded that they are identical with electrons. The 
particles thus emitted are generally called photo electrons and the 
effect is known as photo electricity. 


The following two laws of photo electric emission are well estab- 
lished : 


(i) Electrons emitted per second from a photo sensitive surface 
is directly proportional to the amount of light flux incident on it. 

(ii) The maximum kinetic energy of electrons emitted from a 
photo sensitive surface is linearly related with the frequency of light 
flux but is independent of the amount of light flux. 


5.2 Experimental Study 
A typical arrangement for the general study of the photo electric 
phenomenon is shown in Fig. 5.1. Here А and 4 are two metallic plates 
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fitted to the evacuated glass cylinder gg which has a window for the 
passage of incident light. With the help of a battery and a rehostat a 
potential difference is maintained between K and A, which can be 
altered as desired. A galvanometer G is connected in the circuit as 
shown. 


When light from a quartz mercury arc lamp falls оп К, the 
photo electrons are emitted by it. As a result current will flow in the 
circuit showing a deflection in the galvanometer. If monochromatic 
light of known wavelength be incident on К, the electrons emitted 
from the surface will be acted upon by the electric field between К 
and A. In the circuit if A is positive with respect to К, the electrons 
will be accelerated towards А and if А is negative they will be retarded. 
'The current registered by G will be proportional to the number of 
electrons reaching at A per second. If this current (7) is plotted against 
the p.d. (V) applied between K and A, we get a curve as shown in 
Fig. 5.2(a). The figure shows that for all positive values of V, the current 


if if 


12 
1 
А 
о 2 —V mM 
—retording +accelerating —retording  +occelerating 
(о) (b) 
Fig. 5.2 


is constant and as A is made negative with respect to K, it decreases 
rapidly and reduces to zero at a certain value V,. Only if the intensity 
of the incident beam is increased from Г, to /, the value of i 
increases proportionately for all positive values of V, but gradually 
decreases as V is made negative and reaches the value i=0 for the 
same value of p.d., i.c. at Vy. This value of V, is known as the stopping 
potential for that particular A. 


Again if two beams of identical intensity but different A's are used, 
then the nature of the curve will be as shown in Fig. 5.2(b). It is рш 
from the figure that the stopping potential is different for different A's. 
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5.3 Einstein's Photo Electric Equation 

A satisfactory explanation of the laws of photo-electric emission 
was established by Einstein in 1905. The explanation was given on the 
basis of the quantum theory of light wherein he assumed that a beam 
of light consists of discrete ‘bundles’ of energy called ‘quanta’. When 
light is made to fall on a metal surface some of this energy of a quan- 
tum is transferred to one of the unbound electrons within the metal 
causing to overcome the surface forces. If the applied energy is higher, 
the electrons are more readily released. According to the quantum 
theory given by Planck, the energy of each quantum is directly 
proportional to its frequency. If E is the quantum energy of a radia- 
tion of frequency v then, 

E=hv os (5.1) 
where h is a constant called Planck’s constant and is equal to 
6.62 10-2? ergs-second. If this energy is transferred to an electron 
within the metal, then the absorbing electron will get an energy equal 
to hv. Some part of this energy will be utilized in getting out an 
electron from the surface of the metal. If Win represents the minimum 
energy necessary to release an electron from the metal, then the 
maximum kinetic energy that the electron can have, should be 

4 me Vaz —hv — Wmin ней (5.2) 
where те is the mass of an electron and vmaz is its maximum velocity. 
Equation (5.2) above is the well-known Einstein’s photo electric 
equation. Wis in the r.h.s. of equation (5.2) provides important 
informations regarding the origin of the photo-electrons. Wmin is 
commonly known as the photo-electric work function. 


The above equation of Einstein makes some important quanti- 
tative predictions: 

(i) The maximum energy of emission is entirely determined by 
the frequency of the exciting radiation and is independent of its 
intensity. 

(ii) The curve connecting the K.E. of the speediest electrons to 
the frequency of the exciting radiation is a straight line. 

(i) No electron will be able to eject unless the frequency > of 
the incident light is sufficiently greater so that hv is greater than or 
at least equal to Win. 


gd Lastly, it predicts a definite value for the maximum energy 
of ejection. Е 
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5.4 Threshold Frequency 

After the discovery of the effect, it was observed that the photo 
electric emission occurs only when the incident radiation has a certain 
minimum frequency. That minimum frequency which causes emission 
is called threshold frequency. For different substances the threshold 
frequency is also different. It, however, usually lies in the ultra violet 
region. But in cases of alkali metals like Na, K etc., this frequency 
corresponds to that of the visible region of the spectrum. 


If v; is the threshold frequency, then 
hv, — Ит 
which gives 2 
vt Wmis[h pru (5.5) 
The wavelength corresponding to the threshold frequency is 
known as the threshold wavelength. 


5.5 Classification of Photo Electric Phenomena 
The phenomena may be broadly classified as follows: 


(i) Photo emissive effect: It consists in the liberation of electrons 
from metal surface when exposed to light. The metal is then called a 
photo sensitive metal. 


(ii) Photo voltaic effect: If the boundary surface between two 
substances in close contact is exposed to light, a p.d. is produced 
across the boundary. This is called photo voltaic effect. 

(iii) Photo conductive effect: It consists in the change of resistance 
of semiconductors according to incident light. 


5.6 Photo Electric Cells 

Photo electric cells are devices with the help of which light energy 
can be converted into electrical energy and wherein the photo- 
electrons are the main agents for such conversion. Three different 
types of photo electric cells are there, viz. (i) Photo emissive cells, 
(ii) Photo voltaic cells, and (ii) Photo conductive cells. 


5.6.1 Photo Emissive Cells 

The cells consist of a photo sensitive surface from which electrons 
are emitted when light is made to fall on it. As a result a current will 
flow between this surface (called cathode) and a collecting plate 
(called anode) which is kept at a considerably high positive potential. 
Photo emissive cells are either of vacuum types or gas-filled types. 
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(a) Vacuum Cells: А vacuum type of emission cell is shown in. 
Fig. 5.3. Here K is the cathode of large surface area coated with photo- 
sensitive material and 4 is the anode or the collecting plate. Both the 
cathode and the anode are mounted inside a high vacuum glass bulb: 


Light 
——- 


Fig. 5.8 


and they are then connected with a battery terminals. The anode 4 
is connected to the higher potential point while the cathode K is con- 
nected through a galvanometer G to the lower potential point of the 
battery. When light is allowed to fall on the cathode surface; photo- 
electrons are liberated and are repelled on to А from the cathode. As a 
matter of fact, a small current flows through the tube. With the in- 
crease of the p.d. between А and К, current increases at first and then 
a saturation stage is reached at a certain anode voltage. The current- 
voltage characteristic of a vacuum photo cell is shown in Fig. 5.4. 


Anode current ina. A ——>- 


Anode voltage in Volts ——» ^ 


Fig. 5.4 


In this type of photo cells, emission is found to be strictly propor- 


tional to the intensity of the incident light. Obviously, these are very 
quick and accurate in response. 
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(b) Gas-filled Cells: The output current of a gas-filled photo 
cells is considerably increased than in a vacuum photo cell by inser- 
ting an inert gas, like argon etc., at a low pressure. An increase of 
current and sensitivity is achieved here due to the production of ions 
by collision process in the neutral gas. The current-voltage charac- 
teristic of a gas-filled photo cell is shown in Fig. 5.5. 


4 
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Anode voltage їп Volts ——- 
Fig. 5.5 


Photo cell of this type is usually used for commercial purposes 
because of high sensitivity. But since there is a fluctuation of current 
even for a constant intensity beam, the gas-filled cells are seldom used 
for precision work. 


5.6.2 Photo Voltaic Cells 

Becquerel in 1839 discovered that when a pair 
immersed in an electrolyte and light was made to fall on one of the 
electrodes, a potential difference was created between them. This 
phenomenon is known as photo voltaic cffect. Devices which exhibit 
this effect are called photo voltaic cells. Substances like selenium and 
silicon are mostly used for preparing photo voltaic cells. The recent 
forms of such cells are commonly known as barrier layer cells. Barrier 
layer cells are of two different types: (i) front-effect cell and (ii) back- 
effect cell, 


of electrodes were 


In front-effect cell a thin metallic film F of silver, gold or plati- 
num is deposited оп а semiconducting layer like cuprous oxide or 
iron selenide. The whole arrangement is then attached to a metal base 
plate as shown in Fig. 5.6(a). When light falls on F, it penetrates 
easily and at the barrier layer between the metallic film and the 
semiconductor, photo electric emission occurs. Light further travels 


and at the barrier layer between the semiconductor and the metal 


| 
| 
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base causes photo electric emission which is much less than in the 
previous case. As a result, the conventional current moves from the 
base to the metal film in the external circuit which is recognized by a 
metre M. 


In the back-effect cell the light passes directly through the semi- 
conductor as shown in Fig. 5.6(b). Here electrons flow across the 
barrier layer from the semi-conductor to base plate and so conven- 
tional current flows in the opposite direction. 


Light 


Semiconductor 
Base plate! 


(b) 


Fig. 5.6 


Photo voltaic cells are used in photographic exposure metre and 
for operation of relays. Silicon cells, because of their better response 
in the infra-red region, are widely used in artificial satellites for con- 
version of solar energy into electrical energy. No separate battery is 
required to run photo voltaic cell. 


5.6.3 Photo Conductive Cells 

Substances like selenium, cadmium sulphide, cadmium selenide 
etc., decrease their resistances when light falls on them. The amount of 
this decrease, of course, depends on the intensity and colour of the 
incident light. So insertion of such a substance in the circuit and 
allowing light to fall on it will cause a change of electrical resistance, 
Hence there will be a variation of current in the circuit in steps with 
the variation of the intensity of the incident beam of light. This pro- 
perty is utilized in constructing photo conductive cells. 

Photo conductive cells have a high sensitivity, low cost and long 
life. They can be used directly with a power supply of low voltage to 
operate a relay. These are used extensively in street lighting controls, 
door-openers, burglar alarm systems and also in modern television 
camera tubes. 
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l. In a discharge tube the p.d. between the cathode and anode surfaces is 
25,000 volts. Express in electron-volts the energy of an electron inside the tube. If 
this electron is made to strike a target and if the whole energy is emitted as a photon 
then calculate its frequency. 


The energy of an electron, 
E=p.d. between cathode and anode x | electronic charge 


—25,000 electron-volts. 


Again we have, 
E=hv 


where h=Planck’s constant 
and 
v=frequency. 
4. Frequency, v=(E/h) 

25,000 x 1.6 x 10712 

6.62 x 10-27 

(72 1 electron-volt—1.6 x 10? ergs) 

—0.6 x 1019 c/s. 


2. An ultraviolet ray of wavelength 3,000 A is made to fall on the surface of a 
metal which ejects an electron. If the work function of the metal is 2.28 electron- 
volts, find the velocity of the emitted electron. (Given, me=9.1 x 10—28 gm.) 


We have, 
Me Vraz = И 
=h (cl) — Wmin 


where Wpmin=work function. 
Now, 


h=6.62 x 10—27 ergs-s., 
с=3 x 1019 cmjs. 
A=3000 A 
=3000 x 10-8 cm. 
Wnin=2.28 electron-volts 
=2.28 x 1.6 x 10-12 егуз. 
So we get, 


6.62 x 10-27 x 3 x 1010 


TOATA — 2.28x 1.6x 1071? 
х 
X 


2те vhar= 


=2.98 x 10-12 
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=8.1 x 10? cm/s. 


3. when an ultra violet light of wavelength 3000À falls on a metal surface, 
а retarding potential of 0.5 volts is applied to keep the most energetic electrons from 
reaching the collector. Calculate the work function. 


We have, dm, v2az —hv — Win 
or, Wmin —hv — $ me rar 

т: Me Vaz 
Неге the increase of pot. energy of an electron passing through a retarding 

field of 0.5 volts—loss of its kin. energy. 
-. Maximum kinetic energy, $ me 7222—0.5 electron-volts. 
Again, 
h=6.62 x 10—27 ergs-second 


—27 
2662104: =4.13 x 10—15 electron volts-second, 
1.6 x 10-2 
с=3 x 1010 cmjs. 
A=3000 А —3000 x 10-8 cm. 


4.13 x 10—15 x3 x 1010 — 


0.5 
3000 x 1075 


on Wmin= 


—4.13— 0.5 —3.63 electron-volts. 


6 [ELECTRONICS] 
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Self-Test 


Read each of the following and provide the appropriate words: 

(a) Electrons emitted per second from a photosensitive surface is — propor- 
tional to the amount of light flux incident on it. 

(b) The laws of photoelectric emission was established by — in 1905. 

(c) Wmin is commonly known as photoelectric —. 

(4) The maximum energy of emission is independent of the frequency of the 
exciting radiation. (True/False) 

(е) The minimum frequency which causes emission is called — frequency. 

(£) Photoelectric cells are devices with the help of which — energy can be 
converted into — energy. 

(g) In the back effect cell electrons flow across the barrier layer from the — to 
base plate. 4 

(h) — cells are used in modern television camera tubes. 


Review Questions 


1, What are photo electrons? 

2. What is meant by the photo electric effect? Give the laws of photo electric 
emission. 

3. With necessary circuit diagram describe an arrangement for the general 
study of the photo electric phenomenon. 

4. Explain Einstein's photo electric equation. What are the important quanti- 
tative predictions obtained from it? 


5. What do you mean by threshold frequency aad threshold waveleagth ? 
6. What are the three diffzreat types of photo electric cells? Explain. 


7. What are photo electric cells? Describe briefly the photo emissive, photo 
voltaic and photo conductive cells, 


8. Discuss the utility of different photo electric cells. 
fall oa the cathode surface 


9. A light of wavelength 0.43 micron is mide to 
d from the photo 


of a photo tube. Find the maximum veloctity of electrons emitte: 


cathode if its threshold wavelength is of 0.64 micron. (Ans. 447% 105 cm/s.) 


CHAPTER 6 
CATHODE RAY OSCILLOGRAPH 


6.1 Introduction 

Now-a-days perhaps all of us are familiar with at least one type of 
cathode ray tube used in the television picture tube known as kine- 
scope. However, cathode ray tubes are of many types, sizes and 
shapes. The modern cathode ray tube is, in fact, an important modi- 
fication of the Crookes tube discovered in 1879. 


The C. К. tube is now widely used in laboratory to study the 
electric circuit phenomena. It is also extensively used as a viewing 
device for the reception of radar signals and television images. The 
C. R. tube is, in general, used in an assemblage of apparatus called 
a cathode ray oscillograph; the essential components of which are: 
(i) cathode ray tube, (i) deflection voltage amplifiers, (iii) power supplies 
and (iv) time base circuit. 


6.2 Construction 


A cathode ray tube, as shown in Fig. 6.1, has the following main 
components: 


Phosphor 
|> screen 
Base Deflection 

plates 


Fig. 6.1 


(i) the electron gun for producing and focussing the emitted 
electrons in a narrow beam, 

(ii) a deflection system, for deflecting the electron beam either 
electrostatically or magnetically, 

and (iii) a fluorescent screen, upon which the electron beam 
impinges to create a visible light spot. 

A tube base is there to which connections from the elements 
inside the tube are made. The components of a С. К. tube are moun- 
ted carefully inside a highly evacuated glass envelope. 

83 
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6.3 Electron Gun 

In an electrostatically focussed C. R. tube, as illustrated in 
Fig. 6.2, the electron gun consists of (a) an indirectly heated cathode, 
(b) a control grid, (c) an accelerating electrode, (d) а first focussing anode 
and (e) a second, or final accelerating anode. 


‘ 


First 


Cathode Aperture anode 


Accelerating Second 
electrode anode 


Control 
grid 


Fig. 6.2 


The cylindrical cathode is usually coated with barium and stron- 
tium oxides for providing a plentiful supply of electrons. Ву а tungsten 
heater wire this cathode is indirectly heated. The control grid is a 
cylinder with a tiny aperture at its centre and is kept enveloping the 
cathode. Adjacent to the control grid there are first and second anodes, 
followed by the accelerating grid, which are also cylindrical in shape 
with small apertures at the centre. 


The indirectly heated cathode emits a stream. of electrons whose 
density is controlled by the bias voltage applied between the control 
grid and the cathode. In order to focus the beam of electrons properly, 
the voltage applied on the first anode is utilized. The second anode 
which is kept at а high positive d. c. voltage relative to the cathode, 
accelerates the electron beam. 

The anode potentials in a C. К. tube are adjusted by considering 
the required beam power. The first anode is always kept at an appre- 
ciably lower potential than the second one. In television camera tube 
of iconscope type the first anode potential is of the order of 300 volts 
while that of the second anode potential is 1000 volts. 


6.4 Fluorescent Screen 

If the beam of electrons coming from the electron gun is not 
deflected it would form a luminous spot of light at the centre of the 
fluorescent screen. Though the control grid is usually used to control 


CATHODE RAY OSCILLOGRAPH 85 


the intensity of this spot, but it is also dependent on the fluorescent 
material. The fluorescent material coated inside the tube is termed as 
phosphor. Some commonly used phosphors are: zinc silicate, zinc 
oxide, zinc sulphide etc. 


6.5 Deflection Sensitivity 

The beam of electrons in a С. R. tube are deflected by two differ- 
ent means: (i) electrostatically and (ii) magnetically. 

Electrostatic deflection —Yhe electrostatic deflection sensitivity is 
the amount of deflection of electron spot produced on the screen 
when a voltage of one volt from a d. c. source is applied to the deflection 
plates. The unit of deflection sensitivity is then expressed in inch/volt 
or mm/volt. 

The geometry of the electrostatic deflection system is shown in 
Fig. 6.3. In the figure, Va is the potential applied betwen two plates 


Screen 


Fig. 6.3 
each of lengths / and spacing 5. Let the plates are kept at a distance 
D from the screen and on entering the deflection plates let an electron 
moves with a velocity v. 
Then we have, 
$ me =Q „Ра red (6.1) 
where, m,—mass of an electron, Qe=its charge and Р, —final a node 
voltage. 
From equation (6.1) we get, 
20, 
an 20, Va каб.2) 
The electrons during its movement аге attracted towards the positive 
plate with a force F 


pa Os ш 


where 
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If f is the acceleration produced by the force F then 
p О „.Ра 


S.me 


(6.4) 


Since an electron moves with a velocity v, the time required to traverse 


the fields of the plate is /[v. Let vy be the upward velocity attained in 
this time interval //о, so that, 


=! pa! QeYa 6.5 
wa fone “Seme М (69) 
From the point of entrance to the point of leaving, і.е. from 
М to № the electrons move in a curved path. Let d, be the vertical 
displacement during this period. Then, 
=) 


= Qe. Va 12 


S.me v 


(6.6) 


After emerging from the field”of deflection plates let the electron 
beam makes an angle 0. Then, 


tan 924 4a 
ә р 
ie., d=". D 
v 
NI MEE 
v Seme 2 


[using equation (6.5)] 
Knowing d, and d, from equations (6.6) and (6.7) we can now calculate 
the total deflection d. Thus, 


d= 1--ds 

0. 

Sme (6+0) 

=QeVa 1 md 
cond ( where L iD) 


А 2 
Ое Па lme [substituting the value of v 
s. Ur. TIAA & from equation (6.2)] 


ie. dak, Va 35 (6.8) 
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Now by definition, 


deflection sensitivity, S 
d 


—IL[2S Va A (6.9) 


For a given С. R. tube, /, L and S are fixed and so varying the vol- 
tage applied to the plates, Va, or the final anode voltage Va, one may 
alter the deflection spot d. It is also seen from equation (6.9) that the 
deflection sensitivity is inversely proportional to the final anode 
voltage. 


Magnetostatic deflection—The magnetic deflection sensitivity is 
defined as the amount of deflection of electron spot produced when 
one milliampere current flows through the deflection coil. The unit 
of deflection sensitivity is then expressed in inch/mA or mm/mA. 
In this system the magnetic field is produced by passing current 
through the coil, as in Fig. 6.4, whose axis is kept normal to the direc- 
tion of the electron beam. 


Electron Gun 


|Current 


Fig. 6.4 


The configuration of the magnetic deflection system is shown in 
Fig. 6.5. As shown in the figure, the electron travels in an arc MN 
of a circle inside the magnetic field and thereafter it moves in a straight 
line. Thus, the total deflection of the spot can be divided into two 
parts: (i) deflection within the magnetic field, 2, and (ii) deflection 
outside the field, dy. 

Let in the direction of electron beam, 0 be the angular change in 
passing through the magnetic field and also let the electron moves in 
a circle of radius r inside the field, so that, 

d,=r—r cos 0 


—r—r4A/1—sin? 0 


ТЕЕ ( " sin o=) 
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or, 7 рынан 
т 
ог, r—d, = МВ 
ог, r:—2rd,--di =т?—1°? 
ог, (2r—d,)d,=02 2. (610) 


In equation (6.10), we may neglect d$ comparing 2rd, and hence 
we have, 


ie. dia so (611) 
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Di 
> d. = SS . 
or, ds VE 5 (6.12) 
Therefore the total displacement, 
d=d,+d, 
2 Di 
= БЕЛГ Ув) 5 (6.13) 


. If the deflection coil is sufficiently short, so that / is small in comparison 


to r, we can write from equation (6.13), 

d—Dilr $o (6.14) 
Now the centrifugal force of an electron is given by mev?/r, which is 
equal to the force F exerted on the electron by the magnetic field. 
Since in the case under consideration, the angle between the direction 
of magnetic flux and direction of motion of electrons is 90°, we have, 

F=H Qe зїп 90° 

=H Qev G) 
where H is the magnetic flux density. 


Now, as discussed above, we may write, 


: 
те HQ, v 
Z 


E maU 
ie., '"—HQ. -. (6.16) 
Substituting the value of r from equation (6.16) in equation (6.14) 
we get, 
HQ. 
=рі. =£ 
d=Dl m Seu (6.17) 


So that, the pip Bs due sensitivity, 


SL =. Qe 1 NEC CHO) 


Me v 
Using equation (6.2), this may be expressed alternatively in terms of 
final anode potential Va as, 


S, — DI Ze те 
2 me N 20.7, 


a 


Spp 2037 „КОШ (6.19 
2meVa ( ) 


Equation (6. 19) shows that the deflection sensitivity is directly propor- 
tional to the square root of the ratio of charge to mass of an electron but 


inversely proportional to the square root of the final anode potential. 
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6.6 Power Supplies 

In a C. R. tube the final anode potential is generally of the order 
of 1000 to 2000 volts. In television and radar circuits, however, much 
higher anode potentials are required and so the power supply in such 
cases must be designed accordingly. 


In practice the final anode is often kept at the earth potential 
while a negative voltage is applied to the other electrode of the C. К. 
tube. This avoids the danger of electrical shock which may come if 
the final anode is kept at a high positive voltage as this terminal is 
frequently required to be handled during the study of waveforms etc. 
using a C. R. O. 


6.7 Time Base or Sweep Circuits 

On the front panel of a cathode ray oscillograph there are various 
d. c. voltage controls which are named as: (i) focus control, (ii) intensity 
control, (iii) horizontal position control and (iv) vertical position control. 
Using these controls the beam is first focussed to a spot and then it can 
be placed at any desired position on the screen. 

In addition to all these d. c. voltage controls, a source of sweep 
voltage is internally provided. The waveform of this sweep generator 
output is of the shape of saw-tooth, as shown in Fig. 6.6, and so шч 


— ——— T ЕО Sec Hon 


Time ——- 


Voltage 


Fig. 6.6 


voltage is termed as saw-tooth voltage. As scen from the figure, the 
voltage during each cycle increases linearly with time upto tt and then 
falls to zero in a shorter time ty. 


Using a switch the saw-tooth generator may be connected to the 
horizontal deflecting plates. In the most common form, since the 
deflection of the spot in the horizontal direction (or vertical or some- 
times circular) is proportional to time, it is called time base and the 
retracing time fy is known as the flyback time. Some common types 
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of time base circuits are: (i) Neon time base, (ii) Pucklle's hard valve 
time base, (iii) Thyratron time base etc. Out of these the neon time 
base is discussed in the next subsection. 


6.7.1 Neon Time Base 

The property of neon tube is applied in a neon time base circuit. 
It has been found that a neon tube conducts at a definite potential 
called the striking potential. But if that potential is gradually reduced, 
a stage is reached called extinguishing potential, when the conduction 
by ionisation ceases. This behaviour is important in the operation 
of neon time base. A basic neon time base circuit is shown in Fig. 6.7. 


4 
c charge та 


S 


Fig. 6.7 


In the figure, a voltage source Va is connected with a high resistance 
R and a capacitor C. When the battery circuit is made on, the voltage 
Ve across the capacitor increases exponentially with time by a relation 
Ve=Va (1168) (6.20) 

where t is the time in seconds. 


Neglecting smaller terms we can write, 
Vat 
Ve =? am (6.21) 
Equation (6.21) shows that the voltage across the condenser V; is 
approximately proportional to the time. The value of Y; depends on 
the time constant CR of the charging circuit. When the value of CR 
is low, the rate of charging becomes more rapid. At the striking poten- 
tial neon tube starts to conduct and its resistance decreases to a very 
small value, say r ohms. The condenser C then discharges exponen- 
tially through the neon tube with a time constant Cr. The charging and 
discharging curves of a condenser is shown in Fig. 6.8. Since the value 
of r is small, the discharge of condenser becomes more rapid. 
The time period 7 of a neon time base potential is the sum of time 
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of charge t; and time of discharge (flyback interval) ѓу. Referring to 
Fig. 6.8, the extinguishing potential V, at time й is given by, 


| 


,£harge(time constant CR) 


i : Discharge(time constant Cr) 
o M УХ. 
i ree жа 
5 H 
о oe 
S |! 
E H 
dom 
tour Time (t). —- 
Fig. 6.8 
Ve=Va (1—e HR) (629) 
on =! — ICR 
—tlCR . M Pas: Ya—V. 
E 1 u -5- Ч d (6.23) 
and the striking potential V; at time (y is, 
Vs=Va( 1 —e—¥ICR) t (6.24) 


ЕСЕ T] № _Va—Vs 
Wo ni „. (635) 


Dividing equation (6.23) by equation (6.25), we get 


ar —toICR VaVe 


Va—Vs 
$t = Va—Ve 
305 TR Se Va—Vs 
Since {у is small compared to ti, we can write ti% T, the periodic time. 
, Va—Ve 
Hence, T=CR log. уу, -.. (6.26) 


1 
or the frequency, f ЕТ 


1 
SS E (627) 
CR Vot, =H, 
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It may be noted here that the sweep-voltage curve departs conside- 
rably from linearity in a neon time base circuit. This is achieved by 
utilizing the constant current property of a pentode. 


6.8 Frequency and Phase Measurements 

If suitable alternating voltages are applied to the two sets of 
deflection plates of a С. К. О. various patterns may be obtained on the 
screen in the form of closed loop or straight line. These figures are 
known as ‘Lissajous Figures’. If vz and vy are the two instantaneous 
voltages applied to the x and у plates we can write, 


vz=Vz sin озі and (6.28) 
and vy =V; sin (wyt+a) ae (6.29) 
"where Vz and Vy are the voltage amplitudes; wz, wy are the angular 
frequencies and a is the phase angle for vy voltage. By adjusting all 
these parameters the so-called ‘Lissajous Figures’ are obtained on the 
screen. Some typical conditions are discussed below. 


Сомріт1ом 1: 
When =o, and a=0 


then equations (6.28) and (6.29) reduces to, 
=P a. s. (6.30) 


which is the equation of a straight line passing through the origin as 
shown in Fig. 6.9(a). 


Wx = Wy, 4-0 (= Wy K=N/2 = WyiA=1/2 M =W=V 
Y Y Y 
-Wy 
юп Vx 
X X Xx 
(0) zi (b) (с) 
Fig.6.9 
Connirtion 2: 
When or=oy and a 


then the equation. (6.28) and (6.29) reduces to, 
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72 
PP i 22 (6.31) 


which is the equation of an ellipse as shown in Fig. 6.9(b). 
ConpnrrioN 3: : 


When oz=oy, CEA and Vz=Vy=V 


then equations (6.28) and (6.29) reduces to, 
v3 +03 — V? -. (6.32) 
which is the equation of a circle as shown in Fig. 6.9(c). 


In order to measure the frequencies of an alternating voltage, 
it is applied to one set of deflection plates while at the other set sinu- 
soidal voltage is applied from a variable frequency standard oscillator 
which is properly calibrated. The oscillator is allowed to work for some 
time to get a stabilized temperature and then the frequency of this 
oscillator is altered until a single loop Stationary pattern is obtained. 
Now, the frequency of the oscillator voltage is noted from the cali- 
brated dial of the oscillator which is equal to the frequency of the 
alternating voltage applied. 


Fig. 6.10 


'To measure relative phase angle of two alternating voltages of 
identical amplitude and frequency, they are applied to the x and J 
deflection plates of a С. R. O. Usually an ellipse is obtained on the 
screen from which values of P and Q are noted, as illustrated in 
Fig. 6.10, and then the phase angle a is calculated by using the relation, 


a=sin (P/Q) 7 (6.33) 
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Examples 


1. In a cathode ray oscillograph, a pair of deflecting plates are 2.0 cms long 
and are separated by a distance of 0.5 cms. If the distance of the fluorescent. screen 
from the centres of the plates is 36 cms, find the deflection sensitivity for a final anode 
voltage of 1000 volts. 


We have, 


Deflection sensitivity, 


m 
* 28Vq 
Here 
1—2.0 cms 
$—0.5 cms 
L=36 cms 
and 


Va=1000 volts 
2x36 


e= — — cm/volts 
2x0.5x 1000 


=0.072 cm/volts. 


2. In a cathode ray oscillograph, the spacing of the plates is 0.5 cms, the length 
of the deflecting plates is 2.0 cms and the distance of the screen from the centre of 
the plates is 12 cms. Find the value of the displacement produced by a deflecting 
voltage of 30 volts (Given that the final anode voltage —2000 volts). 


We have, 
d Шш 
Va 28Vq 
or 
iL 
= Va 
2$ 
Неге 
1—2.0 cms 
S=0.5 cms 
L—12 cms 
Va=30 volts 


Va =2000 volts 


ыб 2x12x30 


——— —  — cms —0.36 cms. 
2х0.5 2000 
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3. A cathode ray tube has 2 magnetic deflection field of flux density 10-4 
weber/sq. metres for а 3-cm distance along the axis of the tube. The final anode 
potential is 800 volts. Calculate the deflection of electron spot when the distance 
from the screen to the end of the coil is 20 cms. 


We have, 


Жез 


= ОНДО 
2m,V 


Here, 
D —20 cms 
=20 x 10-2 metres 
[—3 cms 
=3 x 10-2 metres 
H=10— weber/sq. metre 


Qe 


=1.76 x 1011 coulombs/kilogram 
те 


V,—800 volts 


a. the deflection, 


2010-2 x3 x 1072 x 10-44/1.76 x 1011 
а= metres 
\/ (2x800) 


=6.29 x 10-9 metres 


—0.629 cms. 


CATHODE RAY OSCILLOGRAPH 97» 
Self-Test 


Read each of the following and provide the appropriate words: 


(a) The deflection system in a cathode ray tube is used for deflecting the 
electron beam either magnetostatically or —. 


(b) The cylindrical cathode is usually coated with — and — oxides for pro- 
viding a plentiful supply of electrons. 


(c) The first anode is always kept at an appreciable — potential than the 
second onc. (lower/higher) 


(d) The unit of electrostatic deflection sensitivity is expressed in —. 


(е) Magnetic deflection sensitivity is the amount of deflection of electron spot 
when one — current flows through the deflection coil. 


(f) In a C. R. tube the final — potential is generally of the order of 1000 to 
2000 volts. 


(в) The waveform of the sweep generator output is of the shape of —. 


Review Questions 


1. What are the uses of a cathode-ray oscillograph? What are its essential 
components ? 


2. Describe briefly the construction of a cathode-ray tube. 


3. Obtain expressions for the electrostatic and magnetic deflection sensitivities 
of a С. R. tube. 


4. What is a sweep circuit? Explain its function. 


5. Define ‘time base’ and ‘flyback time’. Give names of some common time 
base circuits. < 


6. Discuss briefly with necessary diagrams the operation of a neon time base 
circuit. 


7. Neglecting the flyback period, obtain an expression for the frequency of a 
neon time base. 


8. What are ‘Lissajous Figures’? How are these obtained on the screen? 
9. How can the frequency and phase be determined experimentally ? 

10. In a cathode-ray oscillograph, the pair of deflecting plates are 2 cms long 
and separated by a distance of 0.5 cms. The distance of the screen from the centre of 
the plate is 9 cms. Calculate the deflection sensitivity in cm/volt for an anode voltage 
of 500 volts. (Ans. 0.036 cm.[volt) 

11. A cathode ray tube has a magnetic deflection field of flux density 10.35 x 10-5 
weber/sq. metre and the distance from the end of the field to the screen is 24 стаз. 
If the length of the field along the axis is 4 cms, calculate the final anode voltage 
in volts to produce a deflection of 1.2 cms on the screen. (Ans. 600 volts) 
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CHAPTER 7 
RECTIFIERS AND FILTERS 


7.1 Introduction 

Power companies generally supply a.c. power because it can be 
easily generated and also economical to transmit. On the other hand, 
d.c. supply usually serves the power requirements for various electronic 
devices. This demands a rectification of a.c. into d.c. voltages and 
currents. А rectifier must provide a substantially one-way path for 
the flow of electric current. That is a rectifier changes a.c. into pulsa- 
ting d.c. by eliminating the negative half cycle. This is called a 
unidirectional characteristic or unilateral conduction. The diode is 
admirably suited for rectification as it permits current to flow in one 
direction only. The diode used for such purpose may be (i) electron 
tubes of the vacuum or gas-filled type, (ii) metallic type like copper 
oxide or selinium rectifiers, and (iii) crystals or semiconductors made 
of germanium or silicon. Now-a-days selenium rectifiers or crystal 
diodes are widely used in various electronic circuits as no filament 
supply is required there and so they have become increasingly popular 
in the field of radio and television receivers, in particular. 


Because of the pulsations in its amplitudes the output voltage 
obtained after rectification is not suitable enough for d.c. supply. 
'These pulsations are smoothed out properly by using filter circuit 
consisting of choke coils and capacitors. 


7.2 Rectifiers 

Rectifiers may be broadly put into two categories depending on 
the period of conduction. These are (a) half wave rectifier and (b) full 
wave rectifier. 


7.2.1 Half wave rectifier 
A half wave rectifier (one diode) converts the applied alterna- 
ting voltage to a pulsating voltage using half cycle of the applied 
t is the conduction takes place during one half cycle 


voltage. Thai : z ) : 
only. The circuit of half wave rectifier using vacuum diode is shown 


in Fig. 7.1. 
In the figure, the input is an a.c. voltage applied across the series 
de and the load resistance R,. During the positive half 
98 


connected dio 
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cycle the anode is positive with respect to cathode and the current 
flows in the circuit while during the negative half cycle since the anode 


Diode 


Output 


Fig. 7.1 


is negative with respect to cathode no current flows. Now, as because 
the variation of current will follow the variation of input voltage, the 
output voltage across the load resistor Р. should follow the positive 
half cycle. The nature of input and output waveforms are shown in 
Fig. 7.2. It is interesting to note that the output voltage is now a 
pulsating voltage instead of the a.c. voltage applied at the input. 


Fig. 7.2 


Fig. 7.1, shown before, is a circuit for an ideal rectifier. In an 
idealized rectifier, however, there is a definite constant slope in the 
conduction region. An idealized circuit diagram for a half wave recti- 
fier is shown in Fig. 7.3. In this figure, a resistor Rg is connected in 

i 
Ra 


Em sinwt RL 


Fig. 7.3 


series with R, so that the total impedance in the circuit is (Ra-1-Rr). 
If i be the flow of current and Ey sin wt be the sinusoidal input voltage 
then the output voltage ош is given by, 

Eon =i. Ry vee (7.1) 
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and the value of maximum current 
E, 
JU iui = San 7.2 
™ (RaR) 


7.2.2, Full wave rectifier 

A full wave rectifier (two diode) converts the applied alternating 
voltage to a pulsating voltage using full cycle of the applied voltage. 
That is the conduction takes place by the one rectifier element during 
one half and by the other element during the other half cycle. A 


circuit of full wave rectifier using vacuum duo-diode is shown in 
Fig. 7.4. 


Duo-diode 


In the figure, the input is an a.c. voltage applied across the two 
element diode and load resistor Rz. During the positive half period of 
the applied a.c. voltage one diode conducts and the other not while 
during the other half cycle of the a.c. voltage the second diode only 
conducts. Let e} and e; be the nature of the output voltages for the 
first and the second diode as shown in Fig. 7.5. Then obviously the 


Input to diode element | 


Input to diode element 2 


EUN Эш LEN AN Combined output 


Fig. 7.5 


combined output voltage (еу-Ее) of both diode elements will be of the 


form as shown. It is to be noted that the output voltage obtained is 


pulsating in nature. 
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An idealized circuit diagram for a full wave rectifier is shown in 
Fig. 7.6. The total current flowing in the circuit will be the sum of the 
individual currents 7, and 7, 


ie., i-i b. (7.3) 


Fig. 7.6 


The value of maximum current is again given by, 


glee Ene es Pu 


7.2.3 Expressions for Currents and Voltages of the Two 
Rectifiers 
(i) О.С. or average value of current 


For a half wave (H.W.) rectifier this may be expressed as, 


oT 


idet 
(а) м. mue | 2-4) 
0 


т эт 


=| Im sin ot. d (o1) +5] 0.d (ot) 


0 т 
In Row, 
E t| == СИ Дә] 
al cos 9i 1, - (7.5) 
For a full wave (F.W.) rectifier, 
Ws 
(а) au mA i dot) 
т. 
2m 


| TIMES [substituting the value of Z5] (7.6) 
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(ii) R.M.S. value of current 


For a half wave rectifier this may be expressed as, 


(КОЛУ. n fe d(ot) 


Im m (7.7) 


For a full wave rectifier, 


Umso, = JE а.а) 


= JE sin? of . (ot) 
T 0 
dm 7 (7.8) 


(iii D.C. or average voltage across the load 


For a half wave rectifier this may be expressed as, 
(Eic) aw, 7 Jac) 


H.W. Hw. ^ Rz 


Em € 
SURE 
SEn PI) 
z (a +) 


For a full wave rectifier, 


(Eao) pw, = Tac) 


F.W. F.W. 


= 
no 


£ 10) 


€ 

a 
=з 

а 
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(v) R.M.S. value of the voltage across the Ioad 
For a half wave rectifier this may be expressed as, 
(Erms)u.w. —(Irns)g.w. -Rr 
1, 
=o Р, 
ES En 
2 ( 1 +22 
аг га 
For a full wave rectifier, 


(Erms),. wie (Ims), y Pr 


7.2.4 Ripple factor 
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(7.11) 


(7.19) 


We have found that the rectified output is unidirectional in nature. 


The ripple factor, denoted by y, may be defined as, 


But because of the continuous changes in amplitudes or pulsations the 


current is not a direct (d.c.) one, rather these pulsations contain both 
d.c. and a.c. components. - 


effective value of the a.c. components. of current (or voltage) 


d.c. value of current (or voltage) 


2ms— J? A T9 
=" Та 14 (К Inns — Tác ETER) 


Ime 
= — 1 
lac 
=уЕ—1 
where, gm js called the form factor. 
ас E 


(7.13) 
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For a half wave rectifier. 


AB oe 
(Paw mpi =5=1.57 


A (б М 37:-1-121 


(7.14) 
and for a full wave rectifier. 
—Imv2 _ Term. 
“= 21л/к "oor b 
(9), yw. =V (1.11)2—1—0.48 (2.15) 


It thus appears that the ripple factor for a full wave rectifier is 
small in comparison to half wave rectifier. 


7.2.5 Efficiency 


The efficiency of the rectifier, denoted by 7, may be defined as. 


— d.c. output power 
a.c. input power 
Pac 

16 
ED (7.16) 
Of the input power, a portion P, is dissipated at the anode of the 
rectifier tube and the remaining portion P; is dissipated in the load 

resistor. So we can write. 

Pac=Pa+Py;, 


= (Ra+Rz) (7.17) 


Again the useful power output Pag; developed across the load R; 
may be expressed as, 


Pac =1$ўс.ВЁ„ (7.18) 
Using equations (7.17) and (7.18) we can write, 


13:5 R; 
D Tas (Да) 


са) 
1а 
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For a half wave rectifier, 
je) ok 
Тан), nf 
2 


NEN 


T l Ra 
ta 
0.406 . (720) 
ШЕ 
f 


Thus the % efficiency for a half wave rectifier 
— 40.6 per cent 


TOR Өй 
Ry 


For a full wave rectifier, 


de) _ Bal 
Ims P.W. мм? 


—2v2 
UT T 
24/2)? I 
(т) E ) Р 
1-4 
Р; 
oS 3t 22) 
1422 
Ry 
Thus the % efficiency for a full wave rectifier, 
— 81.2 per cent (7.23) 
je 
Ry 


7.2.6 Comparative study 


We may compare a half wave rectifier with a full wave rectifier 
by considering the following important points. 
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(i) Ripple factor of a half wave rectifier is greater than that of 
a full wave rectifier. 

(ii) Rectifier efficiency of a full wave rectifier is double than 
that of a half wave rectifier. 


(iii) Half wave rectifier has a low transformer efficiency and a 
low output voltage than that of a full wave rectifier. 


(iv) In half wave rectification current through the secondary of 
a transformer flows in the same direction while in full wave recti- 
fication equal currents flow in the opposite direction through the 
centre-tapped secondary. 


(v) Half wave rectifier has low cost in comparison to a full wave 
rectifier. 


7.3 Filter 


The output voltage obtained by using a rectifier circuit includes 
ripple which must be minimized to use it as a d.c. source. The required 
smoothing action is achieved by filter networks. Choke, capacitor 
and resistor are usually filter elements. 


7.3.1 Choke input filter 


A. circuit diagram for a choke input filter is shown in Fig. 7.7. 
Since the first component of the filter circuit is a choke coil connected 
in series with the rectifier output, it is called a choke input filter. 


To D.C. 
rectifier 


Fig. 7.7 


The direct current coming from the rectifier easily passes through 
the choke coil L but the a.c. pulsations (i.e., ripples) are opposed by it. 
Further fluctuations of the current after passing through L are largely 
bypassed at the output of the filter consisting of the shunt capacitor C 
and a resistor Rg, known as a bleeder resistor. The bleeder has the 
following important functions: (i) It helps to maintain a constant 
output voltage by drawing a minimum current at all times. (ii) Wher 
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the receiver tubes or other loads in the circuit are heating up, the 
bleeder resistor maintains a minimum load across the rectifier. With- 
out the resistor Rp, there would be an initial high voltage surge as 
soon as the rectifier is turned on which might damage the circuit. 
(iii) After the rectifier has been turned off, the bleeder discharges 
the capacitors and thus helps to prevent dangerous shocks. 


The nature of the filtered waveform is shown in Fig. 7.8 in addi- 
tion to the waveform obtained at the rectifier output. Note that a 


Rectifier Filter 
t output output 


Fig. 7.8 


small ripple is still present in the filter output. To improve the smooth- 
ing action several identical filter sections are often used instead of 
only one. It is also to be noted that the d.c. output here has not attained 
the peak value of pulsation. This happens because the choke coil pre- 
vents the capacitor to charge at the peak value when a load current 
is drawn. However, beyond the initial drop the filtered output voltage 
changes very little with the changes of the load current. The choke 
input filter circuit thus provides a good voltage regulation. 


7.3.2 Capacitor input filter 

A circuit diagram for a capacitor input filter is shown in Fig. 7.9. 
Since the first component of the filter circuit is a shunt capacitor con- 
nected across the rectifier, it is called a capacitor input filter. 


m AREE -o+ 
Е D.C 

то ЗЕ C 

rectifier output 


Fig. 7.9 


The output voltage obtained from the rectifier circuit, first charges 
to the peak valuè of pulsations which, however, dis- 


the capacitor С, 
he choke coil and the load. The remaining 


charges slowly through t 
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fluctuations of rectifier output current after passing through C, are 
opposed by the choke coil L and thereafter largely bypassed at 
the output of the filter consisting of a capacitor C, and a bleeder 
resistor Rg. 


The nature of the filtered waveform is shown in Fig. 7.10 in 
addition to the waveform obtained at the rectifier output. If a small 


Filter Rectifier 
+ output output 


1 Fig. 7.10 

ripple is still present, it can be eliminated by using identical filter 
circuits in series. It is to be noted that the d.c. output voltage remains 
‘substantially near the peak value. This happens because the capacitor 
С, tends to hold the charge at the peak value between successive pulses. 
For the same a.c. input the output voltage thus attains a comparatively 
higher value than that of a choke input filter. However, in the present 
case the output voltage rapidly falls with an increase of load current 
апа so the voltage regulation is considerably poor. 


Examples 


1. In a half wave vacuum tube rectifier without filter the load resistance is 
4 K. Voltage applied to the diode has amplitude of 100 volts with a 
50 c.p.s. The diode has idealized characteristic in series with a resist: 
Find the (i) peak, R.M.S. and average values of current; 
D.C. output power and (iii) ripple factor. 


frequency of 
ance of 1 K. 
(ii) A.C. input power and 
Here, Ej, —100 volts, £4 —1X—1000 Q, R,=4 K—4000 Q 


(i) Peak current, 


Yh = ниў c e Mu) 
(Ra+Rz) 1000-44000 
=20 mamps. 


R.M.S. current, 
0 
lm =10 mamps. 
Average current, 


1, 
Іде =" —6.36 mamps. 
т 
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(ii) А.С. input power, 
Pac—I ims (Ra--Rg) 
= (10 x 1073)2 x 5000 
—0.5 watts 
D.C. output power, 
Paco X Ry, 
— (6.36 x 103)? x 4000 
—(6.36)2 x 4 x 10-8 
=0.162 watts (approx.). 


(iii) Ripple factor, 


we [Euk „Гу ў 
т") 


Ic 


en 
т 


2. A voltage 240 sin 27 50¢ is applied to a full wave vacuum tube rectifier 
without filter. Each diode has idealized characteristic having slope for а resistance 


of 1K. If the load resistance is 44 find the rectifier efficiency and the peak value of 
current. 


Here Ej,—240 volts, R4—1K-—1000 ohms, Ry,—4K-—4000 ohms. 


2 
(i) Rectifier efficiency, y =“ Pac = с ше 
Рас T?ms (Ra+Rz) 142a 
L 
0:812. 64.9694. 
1+2 
ig gg 


ii тей =a И S 
(ii) Peak сштеп Rak, 1000-4000 


= 2:220 —48 mamps. 


5000 
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Self-Test 
Read each of the following and provide the appropriate words: 
(а) — supply usually serves the power requirements for various electronic 


devices. 

(b) Output voltage obtained after rectification are smoothed out by using 
— circuits. 

(c) А — rectifier converts the applied alternating voltage to a pulsating 
voltage using half cycle of the applied voltage. 

(d) Ripple factor may be defined as the ratio of effective value of the — com- 
ponents of current to the — value of current. 

(е) The rectifier efficiency may be defined as the ratio of — output power to 
the — input power. 

(f) In half wave rectification current through the secondary of a transformer 
flows in the same direction. (True/False) 

(g) In full wave rectification equal currents flow in the — direction through 
the centre-tapped secondary. à 

(h) The bleeder resistor maintains a — load across the rectifier, (minimum/ 
maximum). 


Review Questions 

1. What is a rectifier? Why rectification is required ? 

2. Draw half wave and full wave rectifier circuits. Briefly explain their opera- 
tions. 

3. Discuss how current is rectified in a rectifier. 

4. Draw the circuit diagram of a fullwave vacuum tube rectifier using a 
centre-tapped power transformer and clearly explain how current is rectified in it. 

5. Find expressions for average and r.m.s. currents and voltages of a half wave 
and a full wave rectifier. 

6. What is meant by (a) ripple factor, (b) form factor and (iii) efficiency ofa 
rectifier. Obtain expressions for them. 

7. Show that the maximum efficiency of a full wave rectifier is twice the value 
obtained in a half wave rectifier. F E 

8. Make a comparative study of a half wave and a full wave rectifier. 

9. Why it is necessary to smooth out the ripples from the rectifier output? 
How this can be done? 

10. Briefly discuss with necessary diagrams the following: (a) Choke input 
filter, (b) Capacitor input filter. 

11. In a half wave vacuum tube rectifier without filter the load resistance is 
6K, the r.m.s. value of input a.c. voltage is 300 volts and the slope of diode corres- 
ponds to 1 К. Calculate the (i) peak, average and глаз. output voltages, (ii) peak, 
average and r.m.s. currents, (iii) d.c. power output and total power input and 
(iv) ripple factor. 

(Ans. (i) 363 V, 116 V, 182 V, (ii) 60.6 mamps, 19.3 mamps, 30.3 mamps, 
(iii) 2.234 watts, 6.425 watts, (iv) 1.21) 

12. A voltage of effective value 240 volts with a frequency 50 Hz is applied to 
each diode of a full wave vacuum tube rectifier. Diodes have idealized characteristics 
with slope corresponding to a resistance of 800 ohms. Load is a resistance of 4000 
ohms. Supposing no filter to be used, find (i) the average and r.m.s. values of 
current, (ii) total power input and (iii) form factor. 

(Ans. (i) 31.84 mamps, 35.36 mamps., (ii) 6.001 watts, (ii) 1.11) 


СНАРТЕК 8 
AMPLIFIERS 


8.1 Introduction 


The function of an amplifier is to increase the level of the current, 
voltage or power at its output. The amount of this increase is called 
the amplification or gain of the amplifier. It is called a voltage ampli- 
fier if the output voltage becomes greater than the input voltage. 
A power amplifier, on the other hand, is used to supply power (i.e., 
voltage times current) to the output or load circuit. If a number of 
amplifiers are connected in series so that the output of one becomes 
input to the next then the early stages build up the voltage to a high 
level while the last stage builds up the power to a level suitable for 
operating a speaker or other similar devices. This amplifier is known 
as a cascade amplifier. The present chapter deals with the common 
forms of both voltage and power amplifiers using vacuum tubes. 


8.2 Classification of Amplifiers 


Amplifiers may be classified in a variety of ways as discussed 
below: 


(a) According to the type of load used amplifiers are classified as: 
(1) untuned amplifiers and (ii) tuned amplifiers. 


Untuned amplifiers are again divided into two groups. These are 
audio frequency (upto about 15 kHz) and video frequency amplifiers 
(upto a few MHz). 


The tuned amplifiers, also referred to as radio frequency ampli- 
fiers, are used to amplify an electrical signal containing a radio fre- 
quency (a frequency above 30 kHz). 


(b) According to the number of stages and methods of coupling 
amplifiers are classified as: (i) single stage amplifiers and (ii) cascade 
amplifiers. 


A single stage amplifier is suitable for cases where small ampli, 
fication is necessary while in a cascade amplifier considerable amount 
of gain is achieved. Depending on the method of coupling cascade 
amplifiers may again be divided as: Resistance-Capacitance (R-C) 

111 


112 FUNDAMENTALS OF ELECTRONICS 


coupled amplifier, Transformer coupled amplifier, Direct coupled or 
D.C. amplifier and L.C. coupled amplifier. 


(c) According to the choice of the operating point of the vacuum 
tube amplifiers are classified as: (i) Class A, (ii) Class AB, (iii) Class В 
and (iv) Class C amplifiers. 


In a class А amplifier the grid bias and the input signal are so 
adjusted that the plate current flows during the entire cycle of the input 
signal. A class AB amplifier is designed such that the plate current 
flows for more than half but less than the complete cycle of the input 
voltage. A class B amplifier is designed to have its grid bias almost 
equal to the cut off voltage so that the plate current flows for half the 
a.c. cycle while in a class C amplifier the plate current flows over less 
than the half period of the input signal. In all the above classes of 
amplifiers a subscript 1 is added to letter or letters to indicate that the 
grid current does not flow during any part of the input cycle (e.g. 
class A,) while a subscript 2 is given to indicate that the grid current 
flows during part of the input cycle (e.g., class 4,). , 


8.3 Single Stage Voltage Amplifier (Untuned Class A,) 

The basic circuit of a single stage untuned class A, amplifier 
using a triode is shown in Fig. 8.1. The resistor R, between the grid 
and the cathode is the grid leak resistor and Zz is the load impedance 
which is, in general, complex. If an alternating voltage is applied 
between the grid and the cathode of the tube, an amplified voltage 
is obtained across z and thus it acts as a voltage amplifier. 


Fig. 8.1 


Let us assume that Rg is very large and also Ср is so large in 
comparison to the cathode resistor Ву that its reactance may be neglec- 
ted. Then we can draw, as shown in Fig. 8.2, the a.c. equivalent 
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circuit of the amplifier valid for linear class A, operation. It should 
be noted that the equivalent circuit may be drawn by (i) eliminating 
all d.c. voltage and current sources, (ii) considering only a.c. or 


Fig. 8.2 


incremental values of currents and voltages and (iii) replacing the tube 
by a current or voltage generator. 


Let us consider a source supplying grid potential of r.m.s. value 
Egr so that the equivalent voltage generator generates a voltage of 
value w£,,,. The total impedance in the plate circuit then becomes 
(7р +Zs), where rp is the series resistance. 


The r.m.s. value of the a.c. plate current Ір is given by, 


—_ Egy 
Ip 221) e. (8.1) 


This current Ip flowing through the load impedance Zz produces 
the output voltage between the plate and the cathode. Let it be deno- 
ted by E,, where, 


Eo=—IpZ, 


=— aay .Z,  [(from equation (8.1)] (8.2) 
Tez, 


complex output voltage 
complex input voltage 


complex voltage gain, A 


ELATI NE. 8. 
UE, (tp+Zz) 20 


In equation (8.3), А is a complex quantity since the load impe- 
dance Z; is a complex factor, in general, containing both resistive and 
reactive parts. We may consider three special cases as below. 

8 [ELECTRONICS] 
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Оазе 1: Z; complex inductive 
. The a.c. equivalent circuit of a single stage amplifier is ibo in 
Fig. 8.3, where the load impedance Z, is expressed as, 


Fig. 8.3 


=R; WX, 
=R; +joL 
Then, Ip LU 
Tp +R, +joL 
^ and ы бео) 
(+2) +joL 


Eo; __ p(Ri-XjoL) ы (8.4) 


voltage gain A— - 
Ege (rp Rz) 4joL 


Or we can write, 


uv RE ESI nou =, ok 
=—=====———— 9, т —t 1 ) 
Vp re +-tan an PER 
=GZ0 s шы Ей) 
where G is the magnitude of the gain and 0 is the phase angle. 
Here the phase angle 6=180°+tan7* x —tan^i ae 


It is interesting to consider here the same problem in the case 
of a pentode amplifier and also its advantages over a triode. Since 
the dynamic plate resistance rp of a pentode is very large in equation 
(8.3), Zz in the denominator may be neglected compared with rp. 
Therefore the expression for voltage gain of a pentode may be written 


a8, 


Tp 


Siz [s É =en) niox (8.6) 
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This means that the voltage gain in a pentode may be increased 
simply by increasing the load impedance. 


In the construction of a pentode, as we know, a suppressor grid 
is inserted between the screen grid and the plate, which is usually 
connected directly to the cathode. The suppressor is thus kept at a 
substantial negative potential relative to the plate to eliminate the 
effects of secondary emission. As a matter of fact, with increasing plate 
voltage the plate current rises smoothly from zero upto the maximum 
value for each control grid voltage.-Morcover, the presence of sup- 
pressor grid increases the shielding action between the plate and the 
control grid and therefore reduces the grid to plate capacitance. As 
a result, the amplification of a pentode becomes extremely high even 
1,000-2,000 for specially designed tubes. In spite of such a high и, 
pentode as an amplifier is very stable in operation because of its low 
capacitance between the control grid and the plate. 


Besides, pentodes are also used as a wideband amplifier or video 
amplifier in Radar and Television circuits. For amplifying pulses, it 
becomes necessary to amplify over a very wide frequency range. The 
pentode is then designed specially, keeping spacing between the 
control grid and the cathode small and also by keeping the pitch of 
the control grid wires small. 


Case 2: 2 purely resistive 
We have, Z,=(R;+jX;) 


For pure resistance load, X; —0 


. <ь=Ёһ„ 
E 

I= ok 
Then, 1 Gp +R) 
and Ep=—Ip. R, = 

voltage gain, II 
git , 
UTEM D MEMO) 


(rp--Rz) 
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A= UE. (cos 180° +j sin 180° 
or, ERA (cos +7 sin 180°) 


= | wR, 
tp +R, 
—G/980 8 (8.8) 
where, С is the magnitude of the gain and 0 is the phase shift of the 
plate voltage with respect to the grid voltage. 


4180? 


Case 3: Z;, purely inductive 
In this case, R =0 
&p70-4jX;-—0-4j.9L 
"Then, Ту К» 
TptjoL 
and E= —I. joL 


МШЕ Е). 5 
Eom en 


: E 
lt in Oe у {шш c 
voltage ga Es NIS ne (8.9) 


SOLU w 7810) 


where the phase angle is (270° —tan-i 24) : 
p 


8.4 Distortion in Amplifiers 

The amplified output in an ideal amplifier is the enlarged version 
of the input signal. But in practice, a difference is noticed always 
between the output and input waveforms. The amplifier is then said 
to have a distortion. The three main types of distortions are the ampli- 
tude distortion, frequency distortion and phase distortion. 

Amplitude distortion—The distortion is caused by non-linear 
operation, such as plate current cut off and grid current flow. This 
distortion results when harmonic frequencies not present in the input 
signal appear in the output. 
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Frequency distortion—This distortion is caused by the amplifier 
coupling elements when singals of different frequencies are amplified 
separately. In general, both amplitude and frequency distortions may 
be present simultaneously in an amplifier. 

Phase distortion—This distortion is due to the unequal delay of 
different audio frequencies by phase shifts in the amplifier coupling 


elements. 


8.5 Resistance-Capacitance Coupled Amplifier 

The resistance-capacitance coupled amplifier, as the name implies, 
consists of a load resistance R, and a coupling capacitor Ce as shown in 
Fig. 8.4. Besides coupling, the capacitor Ce also serves the purpose of 


Fig. 8.4 


blocking the d.c. from the plate of one stage to the grid of the next. 
In the figure, the cathode is provided with self-bias arrangement by the 
use of a resistance Ry and a capacitor C, while the grid leak resistor 
Ry is used to enable the cathode bias voltage to reach the grid. The 
presence of interelectrode capacitances Cy between the grid and the 
cathode and Cp between the plate and the cathode are also drawn in 
the figure. Between the stages, these capacitors form part of the 
coupling network. A constant voltage and a constant current genera- 
tor form of a.c. equivalent circuits for R.C. coupled amplifiers are 
shown in Fig. 8.5(a) and (b) respectively. To obtain general expres- 
sions for voltage gain of this amplifier the entire audio frequency 
range is divided into low, middle and high frequency ranges. The 
analysis, as given below, is based on the equivalent circuit of Fig. 
8.5(b). In the figure, the a.c. voltage source Ej; is connected between 
the grid and the cathode of the first tube so that a constant current 
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generator delivers a current gn Eje, where Ej is the a.c. voltage at 
the input of the second tube. Three expressions for voltage gain for 


(b) 

Fig. 8.5 
different frequency ranges are derived below under certain approxi- 
mations. 
(i) At low frequency 


At the low frequencies, the interelectrode capacitances may be 


neglected but the coupling capacitor C; must be retained as shown in 
the equivalent circuit of Fig. 8.6(a). 


Applying Thevenin’s theorem, the open circuit voltage Eye across 
the terminals X—Y is given by, 


LIU rpRi, 
Eoc = —gm PTR { Ж (8.11) 
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Again the internal impedance Zin is found by replacing the energy 
sources by the source impedances. Then we can write, 


Xin =e 2. (842) 
p L 


i.e., Zin is the resistance of the parallel combination of rp and Rz as 
shown in the modified circuit of Fig. 8.6(b). 


Let Zin represents the total impedance in this modified circuit. 


Then, 


Ri n =Kin т Ry 
EE, тру, 
72}, yu. 
rft +roRg+RzRy (8.13) 
Tp - Ry 
Output a.c. voltage across Ry is then given by 
Еос. Ry Еос. Ry 
EQ—— 7 — ee 8.14 
0 Kin —JXc Zin (1-2 | ( ) 
КЕП, 


where, 
X; —reactance of the coupling capacitor, Ce 


b. 
_ бе 
Substituting the value of Eo; from equation (8.11) in equation 
(8.14) we get, 
7Ё Б, 
Е, PL U ; 
ura К) 
12% 
< 


(8.15) 


Let Rp represents the equivalent resistance of the parallel com- 
binations of rj, R; and Ry, so that 


EU 4% Ry 
rp Rg 
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= тро 
en Си rpRz A-rpRg A- Ry Rig 
—IpRrRa y - (rp -Rz) 
“Gp tR) х Ё. +rpRy ЕЕ, 
rpR zo 16 
rp Rz) Zin dd (6: ) 
[by using equation (8.13)] 
0 Ео= —£nEgk rig o a7, 
К o= e Xe (8.17) 
Жз 


Hence the complex voltage gain in the low frequency range 
Avy is given by, 


Ау Eo — — 4тЁр@ 

E. dee 

Rin 
—_ 8m ре © MG 
=> —[180?--tan-t1 27 $+) 
m Zn sl Kin 

nm 
=С1у бу ves) (8118) 


where, 


the magnitude of voltage gain, Gy = Snot _ 


and phase shift 0, (180* Ten» Xe a) 


(ii) At middle frequency 
At the middle frequencies the capacitors Ce, Cp and C, may be 
neglected as shown in the equivalent circuit of Fig. 8.7. 


Fig. 8.7 _ 
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Now, since the current ёл Eg, flowing through Ry produces 
the output voltage Eo, we can write, 


Eo— —gmEge. Roig 


the mid frequency gain 


Eo 
Amp=—- 
: Egi 
= —gmRpuy 
=gmRpig L 180° 
=Gmf Өту DO (8.19) 
where, 
Сту=2тЁро 
апа 
Өту =180°. 


(iii) At high frequency 

At high frequencies, the coupling capacitor Cc is negligible 
but the interelectrode capacitances Cp and C, have to be retained as 
shown in Fig. 8.8. In the figure, the effective capacitance of the paral- 
lel combinations of Cp and C, may be denoted by Ci 


ie., C1—C5-- Cz. 
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the high frequency gain, 


E R 
Anp == £m - рід 


Egk jeCi Рр 4-1 


— -#тЁро_ (where, X=) 
1 +j Raw Paw oCi 


CEPIT E Ене (180° tani tot] 
tan X 


afi + (Bee)? 1 +(e) " 


zu О (8120) 
where, 
Grr gm. _ 8m. Rpg — 
Jie 
s R 
and бу=(1во апл и) 


From equations (8.19) and (8.20) we can now calculate the ratio 
of high to mid-frequency gain of the amplifier. Thus, 


Gu 
Gms Jy EU 
: Bg x) i 
17 1 ea 


Ил) 


is called the upper half power frequency. 


(8.21) 


1 
where, Á T T Ru à 


Similarly we can write, 


Onr=180°—tan= £ (8.22) 


2 
At ff» 
055—180? —tan-! 1 
BIS 
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8.6 Transformer Coupled Amplifier 


In a transformer coupled amplifier, as shown in Fig. 8.9, a so- 
called interstage transformer is used to couple two amplifier tubes. 


Fig. 8.9 


The primary winding of the amplifier is connected to the plate circuit 
of the first tube while its secondary is connected to the grid of the 
second tube. Since in a transformer, there is no direct connection 
between its two windings, the d.c. plate voltage of the first tube is 
isolated from the second stage grid circuit. 


The transformer coupling permits operation at high plate vol- 
tages and thus causing large amplification. In practice the output 
voltage of the first stage may be stepped up by the ratio of about 3 : 1 
of the secondary-to-primary turns. These amplifiers are generally 
used for impedance matching and phase inversion to drive a push-pull 
power amplifier. These are also employed sometimes in tuned radio 
frequency and I.F. amplifiers. 


8.7 Push-pull Amplifier 


In an amplifier the output power may be increased by parallel 
operation of two tubes, i.e., by connecting plate-to-plate, grid-to-grid 
and cathode-to-cathode of the two tubes. Such a combination provides 
an output power twice that obtained in a single tube but the total 
distortion becomes greater. 


A much improved method is to connect the two tubes such that 
their grids are excited by equal signals with 180° out of phase. 
Such a circuit configuration of two identical tubes, as shown in 
Fig. 8.10, is known as push-pull connection. In the figure 7; and 7; 
are respectively input and output push-pull transformers. It is assumed 
that the (i) transformers are ideal, the points С; and C; of which are 
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true electrical centres of the windings, (ii) both the tubes have identi- 
cal characteristics and (iii) the load R, is a pure resistance. | 


Fig. 8.10 


On the primary of the input transformer Ту, the input signal 
source of voltage e; is applied. Its secondary has three terminals, two of 
which are connected to the grids of the two ‘tubes and the centre 
terminal is connected to the cathode through the bias battery Epo. 
The voltage ез and е; are such that while one is increasing the other 


is decreasing by the same amount, i.e., they are equal in amplitudes 
but in phase opposition. 


Similarly, the two terminals of thc output transformer T, are 
connected to the plates of the two tubes and the centre terminal is 
connected to the common cathode through the plate supply voltage 
source Epp». The secondary of this transformer T, is connected to the 
load resistance Rz. Now, as the plate current i, of one tube increases, 
the current ig of the second tube decreases by an equal amount. Or in 
other words, a.c. plate currents ip and ij become equal in magnitude 
with 180° out of phase. The output voltages produced by these currents 
ip and ij are added by using output push-pull transformer and hence 
the a.c. power becomes twice as that obtained in a single tube. 


8.7.1 Operation | 
Let us consider the operation of the amplifier with no signal, 

small signal and large signal applied at the input. K 

Case 1: When no signal is applied ((i.e., e;—0) 


We have, e,=e,=0 
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total instantaneous grid voltage 
£c — Ecc +g — Ecc +0 — Ecc 
Б 893) 
Again, ер=ер=0 
total instantaneous plate voltage 


£p—Epp-Fep Ebo 4-0 — Ev» 


=e} is (824) 
And total instantaneous plate current 
ip=is—lp 7929895) 


We thus find that with no signal applied at the input, the two 
tubes have the same plate, current Гь so that the total plate current 
becomes 21». 


Further under no signal condition, the magnetomotive force in 
the upper half winding of JV, turns sends magnetic flux in one direction 
and that in the lower half winding of №, turns sends magnetic flux in 
the opposite direction. This cancellation of.d.c. magnetization in a 
push-pull configuration has an important advantage to avoid any 
harmonic distortion in the secondary side. 


Case 2: When small signal is applied at the input, the operation. 
is confined to the linear region of tube characteristics. Then we have, 


6g =e; 
eem Tec tg .. (826) 
and ee=Ecct eg , Р 
En — e (827) 
Again ip=—ip 
ip=lo +p -. (8.28) 
and if=Ip-+if=Io—ip 2.2 (829) 


So, total current =iy +75 


=21y E (8.30) 
That is the current through the plate power source has no a.c. 
component and it has a value of 215. 
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Now, if the output transformer is considered ideal, the sum of the 
magnetomotive forces caused by current must be zero. 


les 1№ 15 Nı —i N, =0 
or, № @—1$)=1М» 
or, ia Finis) 
E - 2Ipm cos wt (substituting the values of iy and ij) 
2 2 
—9M ; 
тоу; eo) ESE 


Therefore, in the output the two а.с. plate currents are additive 
in nature. 


Case 3: When large signal is applied, the operating point is not 
entirely travelled over the linear region of the tube characteristics. 
Rather, harmonics are generated in the plate current. If the sinosoidal 
grid signal voltage is of the form €, —E,n cos wt, we can write, 

ip -I, Tom соз wt-+Ip m cos 2ot+Ip m cos 30/--... (8.32) 

Similarly we can write an expression for iy, simply replacing ot 
by (ot--z). Thus, 

ij—ID +p, Hip m cos (ot--) +p m cos 2(ot-I-) 
"Hp, m соз 3(at-In)-E.......... 3 
=Io+Ip, —Ip m cos ot+Ip,m cos 2 wt 
[p,m соз За BA (8.33) 
So, total current =i,+i/ x 
—2Iy--2 (h, +Ip ym cos 2wt 
"Hp, m cos 4 ot-L...... ) uo (8.34) 


"That is the total current contains even harmonic terms in addi- 
tion to the d.c. current 2/; and an additional d.c. component 27; |. 


Again, since, 
P rer) 
2 
We get, 
p (Ip m сов cot 1 m соз Зы... ) (835) 
2 


Thus in the output of push-pull amplifier the odd harmonics, 
first, third, etc., are only. present under such condition. 
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8.7.2 Output Power : 
The a.c. equivalent circuit of the push-pull amplifier is drawn in 
Fig. 8.11. The total primary load into which the tubes work is that 


reflected from the secondary, as 


Rpr =). Р; 2. (8:36) 


ES 


where Rpp is the plate-to-plate resistance. 


Fig. 8.11 


Since the input signal is of the form 
eg=Egm cos ot—4/2 Egi cos ot a (8.37) 


We have the plate current, 


2uE; 
L,—.2uEgk 
? Rpp-+2rp 
€ : -. — (8.88) 


R 
гч 


AC power delivered to the load 
Р, ас =I p e Rpp 
2 
al Ep » Rpp 


R 
Jem 


[22771 p Rpp @ 39) 
Rep т КГМ; 
4 2 


Il 
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Alternately, we can write, 


нЕ 7]? Rep 


Pac=2| Rpp (8.40) 
3 tr 
This equation shows that the total output power obtained in a 
push-pull amplifier is twice that of a single tube when it is operating 
Rop 


in the equivalent load resistance E 


8.8 Feedback in Amplifiers 

The principle of feedback was first successfully applied by H. S. 
Black in 1934. The principle has a broad application to any ampli- 
fying system of different forms. Technically, the term feedback means 
transferring a portion of the output energy of any device to its input. 
If the feedback voltage in an amplifier adds to the input signal voltage, 
it increases the amplification of the amplifier and it is called a positive 
or regenerative feedback. On the other hand, if the feedback voltage 
subtracts from the input signal voltage, the amplification decreases 
and the feedback is called a negative, inverse or degenerative feedback. 


To understand the feedback system an amplifier with feedback 
arrangement is shown in Fig. 8.12. In this arrangement a part, Ey 
say, of the output voltage Eo is returned to the input which is added to 


the input signal voltage E; for producing the grid to cathode voltage 
Mathematically we can write, 


Egy. 
E, y —Et--Ef ui (8.41) 
The complex voltage gain of the internal amplifier is given by, 
E 
NE Jc (8.42) 
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and the transfer voltage ratio, 


poe 2. (843) 


By using equations (8.42) and (8.43) we get, 
„ШЕ 
> 8 АЕ, 
ог, Ej—AB Eg, 08:44) 
The term Af is called the feedback factor or the return ratio. 
Now, substituting the value of Er in equation (8.41) we get, 
E, p =Ei ABE, y 
or,  E,& (1—A8) —Et 
CAE 
Esk =T Ab .. (845) 


Therefore, the gain with feedback, A’ is given by, 


(8.46) 


'The overall effective gain due to feedback is thus a function of the 
internal gain A and the proportion of the output feedback В. 


If |1—af|<], then gain A’ is greater than A. The feedback is 
then positive and the circuit is regenerative. Generally, a regenerative 
circuit gives decreased stability, increased gain and higher distortion. 


If |1—Af| >1, then gain A’ is less than А. The feedback is then 
negative and the circuit is degenerative. A degenerative circuit, in ' 
general, increases stability, lowers gain and reduces distortion and 
noise in an amplifier. 


8.8.1 Feedback characteristics 
(i) If AB=1, 1 —A8—0 2 


A' becomes infinite. 


Infinite gain may be explained as a condition of the amplifier when 
output is obtained from zero input. 'The amplifier then becomes an 
oscillator having an output voltage independent of any external. 
input voltage. 
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(i) If [АВ |51, 1 —Ag— Ag 
A 1 
Me So ". 8.47) 
= 
From these we may draw the following important conclusions: 


(a) The feedback gain is inversely proportional to В. This means 
that the frequency response characteristic of the amplifier is inverse of 
the response-characteristic of the network. 


(b) The amplification is not dependent on A, the complex voltage 
gain of the internal amplifier, 


(c) The amplification is not dependent on the load impedance 
provided it does not form a part of the feedback. j 

(ii) Two types of feedback amplifiers are there. These are: 
(a) voltage feedback and (b) current feedback. 


The feedback ratio f in a voltage feedback is independent of load 


impedance while in a current feedback B is dependent on the load 
impedance. 


8.8.2 Feedback Effect on Frequency Distortion 

Let us consider the case when the amplifier has an excessive gain 
at a certain frequency. Let at a particular frequency, A, and Aj are 
the voltage amplifications without and with feedback networks while 


A, and А, be those at any other frequency. Then we can write, 


А. 
А = ГВА; + (8.48) 
1 А, 
and — A= i — BA; 2 (8.49) 


where the value of the feedback fun 
both the frequencies, 


Using equations (8.48) and (8.49) we get, 


ction B is considered identical at 


AT А, A, 
дык кет o @% 
If B is sufficiently large, 
fal < (851) 
2 


which shows that the volta 


se amplifications are not 
dependent. { 


frequency 
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8.8.3 Cathode Follower 
In a cathode follower amplifier the property of feedback is 
utilized. The circuit diagram of the unit is shown in Fig. 8.13. In the 


Fig. 8.13 
figure, the grid leak resistor №, is connected between the grid and 
ground where the voltage source Es is applied. The cathode is returned 
to the ground through a resistor Аъ and the output voltage E, is 
obtained across it. The plate terminal P is connected to the positive 
plate supply voltage Ep. 

The equivalent circuit of the cathode follower amplifier is shown 


in Fig. 8.14. The current 7 through the cathode resistor Ky from 
cathode to ground is, 


(8.52) 


Fig. 8.14 


Equation (8.52) can alternately be written as, 


ЩЕ —Eo) ide 8 
Se ey 
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output voltage Е, across Ry is, 

(Ез —Е,) Р 

| Y == 
ИШЕНЕ: Н р 
HEAT a (8.54) 

tp+(H+1)R,, 

the gain of the cathode follower amplifier, 


—Eo wR, w (8.55) 
Es rp+(u+1)R, І 


Since p-+-l=p 


mR 25 
т н) 

If gmR,S>1 then А approaches towards unity. As the gain is 
nearly unity with. high input and low output impedance, 
power becomes greater than the input. A cathode follower 
fore be considered as a power amplifier, 


the output 
may there- 


8.8.4 Direct Coupled Amplifier 


In order to amplify a slowly varying voltage or a steady voltage, 


- In such cases a direct connection 


Erg 
Fig. 8.15 
the input and A; is the load re 


sistor connected at the plate of the 
first tube. The voltage distributi 


on of the amplifier is made through 
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the voltage divider P, Q, Р, S, T which is connected across the d.c. 
supply Ey». The most positive point T of the supply E is connected 
through the resistor R’ to the plate of the second tube. 


In practice the valve characteristics change slightly with time 
due to the temperature increase, etc. To overcome the difficulty, 
degenerative feedback is applied, in general. In fact, the voltage divider 
arrangement is a complicated task. But when it is properly designed it ` 
becomes a distortionless amplifier with uniform frequency response 
from d.c. to above the audio range. Besides amplification of slow varia- 
tions of input voltages D.C. amplifiers are also very uscful for ampli- 
fying pulse signals. 

Examples 
1. A 12AU7 triode used as an amplifier has an amplification factor of 20 and 


а.с. plate resistance of 12 KQ. Calculate the voltage gain of the amplifier for a load 
resistance of 18 KQ. 


Here, p=20, rp —12 KQ and R; —18 KQ 


Now, voltage gain 


2. A triode used as amplifier has an amplification factor of 20 and a.c. plate 
resistance of 10 KQ. If the signal voltage applied to the grid has a 3-volt peak 
swing, calculate the value of the load current and the output voltage. The load 
resistance is 15 KQ. 

Here p=20 

rp=10 KQ=10x 10° Q 
R,—15 KQ=15x 10° Q 
Eş =3 volts. 
E 
ЕТА 
Tp Ry 


—20x3x0.707 69, 10-3 amps. 
10415) x 108 


Now, the load current Ip =. 


and the output voltage, Eo=IpxRy 
—16.9 x 15 x 10-8 x 108 


=25.35 volts. 


— tw 
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3, A triode valve used as an amplifier has j,—15 and Tp=12 КО. If the anode 
load consists of a resistance and inductance of values 20 KQ and 7500 uH respec- 
tively, calculate the voltage gain of the amplifier. Given that the input voltage has a 
frequency of 600 kHz. 


Here, ш=15 
тр=12 КО=12 x103 Q 
Е1=20 KQ=20 x 103 Q 
L=7500 pH=75 x 10+ H 


f=600 kHz —600 x 103 Hz 


а 
rp+Xy 


Now, voltage gain 
where Zp =V R} +X? 
-VRETQRID: 
= J (20 x 103)2-1- (2 x 3.14 x 600 x 108 x 75 х10—4)2 
—34653 Q 


f 4—_15x34653 
^ 12000434653 


=11.14. 


ы An amplifier has a gain of 6000 / О. When negative feedback is applied, 
the gain is reduced to 1000 / О. Find the feedback ratio В- 


The feedback gain 4’ is given by, 


AB 
Here, 4' —1000 
and А=6000 


~ 16000 B 
or, 1—6000 B=6 


5 us 


mh ic 
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SeH-Test 
Read cach of the following and provide the appropriate words: 
(а) The tuned amplifiers are used to amplify an electrical signal containing 
a — frequency. 
(b) A class АВ amplifier is designed su 
than half cycle of the input voltage. (ЧЕЗ) 
(c) The amplification of a pentode becomes 
(d) The three main types of distortions are 
— distortion. 
(е) Amplitude distortion is caused by non-linear 
at (£) The term — means transferring а portion o 
ice to its input. 
(в) The feedback ratio B in a voltage feedback is — of load impedance. 
(dependent/independent) 
.. (h) A cathode follower may be considered as a — amplifier. 


ch that the plate current flows for less 


extremely —. (high/low) 
the amplitude, frequency and 


operation. (True/False) 
f the output eaergy of any _ 


Review Questions 

1. What are amplifiers? How are they classified ? j 
* 2. Describe with circuit diagram the operation of a single stage voltage ampli- 
fier. Find its voltage gain. 

„3. Obtain expressions for voltage gain of an untuned class 4j amplifier when 
(i) Zz is purely resistive, (ii) Zz, is purely inductive and (iii) Zy is complex inductive. 
4. Discuss the advantages of a pentode amplifier over a triode. ` 
* 5, What is meant by distortion in amplifiers? Define the three main types 
of distortions. 

6. Explain with necessary diagram the operation of a RC coupled amplifier. 
Calculate expressions for voltage gain when the frequency is (i) low, (ii) medium 
and (iii) high! 

7. What is meant by a transformer coupled amplifier? Give its circuit diagram. 

8. Define a push-pull amplifier. Explain it with a necessary diagram. Con- 
sider the operation of a push-pull amplifier when (i) no signal, (ii) small signal and 
(iii) large signal is applied at the input. 

9. Obtain an expression for the total output power of a push-pull amplifier. 

10. Define ‘positive’ and ‘negative’ feedback in amplifiers. Draw the block 
diagram of a negative feedback amplifier. 

11. Derive an expression for the voltage gain of an amplifier of gain A when 
subjected to negative feedback with 2 feedback factor B. 

12. Discuss the effects of negative voltage feedback on amplifier characteristics. 
Show the feedback effect on frequency distortion. 

13, What is a cathode follower amplifier? Find expression for its voltage gain. 
Give its equivalent circuit. 

14, Briefly describe the direct coupled amplifier. 

15. If the voltage gain of a triode amplifier is 9.375 for an а.с. resistance of 
12 x 10? ohms, find the amplification factor when anode load consists of non-induc- 
tive resistance of value 20 x 10 ohms. (Ans. 15) 
16. A triode used as an amplifier has p=50, Ё„=10 К and 79720 K. Deter- 
e the output voltage for an input voltage of 5 volts. (Ans. 43.3 volts) 
17. A negative feedback amplifier has a gain of 66.02 dB and the attenuation of 
the feedback path is 80 dB. Find the voltage gain of the amplifier when no feedback 

5 (Ans. 2500) 


min 


arrangement is:made. 


СНАРТЕК 9 
OSCILLATORS 


9.1 Introduction 

An oscillator is an electronic device used for converting d.c. 
power into a.c. power. Because of this property of conversion from 
d.c. to a.c. it may also be called as an inverter. An oscillator generates 
alternating voltages or currents over a wide frequency range and the 
frequency of oscillation may be varied easily. Oscillators are used for 
various purposes such as in radio and TV. transmitters and receivers, 
in radar, for high frequency heating, etc. 

An oscillator has essentially three different parts. These are: 
(a) Internal amplifier, (b) Feedback network and (c) Amplitude 
limiting device. 

Internal amplifier—The oscillator is nothing but an amplifier 
with infinite voltage gain. The infinite gain is made properly by 
feedback arrangement or by using a negative resistor. 

Feedback network—We know that the у 
amplifier may be expressed as, 

=т= hes (9.1) 
where A is the complex voltage gain and f is the feedback ratio. 


Now, if 1—A8—0, Ay becomes infinite. 
behaves as an oscillator. 


oltage gain of a feedback 


The amplifier then 


Amplitude limiting device—In an oscillator the amplitude of 
oscillation builds up until the negative resistance of the tube becomes 
equal to the positive resistance of the associated load circuit and thus 
forming an automatic limiting device. 


9.2 Classification 


Oscillators may be broadly classified in three different categories, 
viz., (a) depending on the method of producing oscillations, (b) 
ding on the waveform of the generated vo 
on the frequency of the generated voltage. 


According to the method 


depen- 
Itage and (с) depending 


oscillator a portion of the output voltage 
the condition AB=1 is satisfied. In a ne 
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the other hand, a negative resistance is produced in the amplifier tube 
for neutralizing the positive resistance of the oscillating circuit. 

According to the method (b), oscillators are subdivided as: 
(i) relaxation oscillator and (ii) sine wave oscillator. A relaxation oscillator 
generates currents or voltages which abruptly change one or more 
times in an oscillation cycle. A sine wave oscillator, on the other hand, 
generates sinusoidal voltages. 

According to the method (с), oscillators are subdivided as: 
(i) audio frequency oscillator, (ii) radio frequency oscillator, (iii) ultra high 
frequency (UHF) and microwave oscillator. An audio frequency oscillator 
generates voltages of frequency to about 15 to 20 kHz, a radio frequency 
oscillator in the range of about 20 kHz to 30 MHz while UHF and 
microwave oscillators have frequency above 30 MHz. 


9.3 Sine Wave Oscillators 

Sine wave oscillators are cither negative resistance type or feed- 
back type. Feedback types are divided into (a) L-C resonant circuit 
oscillators and (b) R-C oscillators. 


L-C oscillators used mostly in common practice are: (i) tuned 
plate oscillator, (ii) tuned grid oscillator, (iii) Hartley oscillator and (iv) 
Colpitts oscillator. On the otker hand, К-С oscillators of two important 
types are: (i) Phase shift oscillator and (ii) Wien Bridge oscillator. There 
are also a few other important sine wave oscillators suited for specific 
uses such as crystal oscillator, etc. 


In the following sections we discuss all the above types briefly. 


9.4 Tuned Plate Oscillator 
Tuned plate circuit is a simple form of oscillator shown in Fig. 
9.1(a). In this oscillator, the anode load consists of a parallel tuned 
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circuit which is inductively coupled to the coil of the tuned circuit 
for the grid excitation. If the induced. voltage in the grid circuit 
becomes greater than a certain critical value, continuous oscillation is 
produced. The equivalent circuit of the tuned plate oscillator is shown 
in Fig. 9.1(b). 


By applying Kirchhoff's second law to the resonant circuit we 
can write, 


ptt 
LT HR {+ i, dt=0 
or, is ni Reh +15 =0 
oe ro Re (4 —ip) =0 (^0 dip) 
(9.2) 
Here, ip=gmey +2 
7р 
06: ep 
a © Өз) 


If HT is kept constant, the sum of the instantaneous changes 
in voltage across it must be zero. 


7 BT ee) 


: 
di. А 
ог, ер= -Ly Кв (9.4) 
Again, e, =m 
from equations (9.3) and (9.4) we get, 
ù [dh 3 
i uM en e 95 
T vL GET RE uc (9.5) 


E the value of ip from equation (9.5) in equation (9. 2) 
we have, 


di 
p =L Ri 
[Ph рі lf; ш dt 1 
Lip TRA rel 7p ) =0 
гі d*i, MY di, 
"Hee. es 


ог, 
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If the circuit oscillates with a fixed amplitude, the coefficient of the 


damping term = will be zero, i.e., 


L uM _ 
at Gy aa 
M=1(L+CrpR) A ae (OD) 
m 


This equation giving the limiting value for M, is known as the 
maintenance equation. It may be expressed in terms of yj, the mutual 
conductance of the valve. 


It is seen that the circuit will be oscillatory if, 
Spe pIUNT >? 9.8). 
£m Mrs ar М (9.8) 


The frequency of oscillation is given by, 


(2) 


дй R 
"ELI ! nom 
or, fea(1 +3) Гео) 
pi 


As RX ry, equation (9.9) suggests tha: the frequency generated 
/ is only slightly greater than the resonant frequency fr. 


9.5 Tuned Grid Oscillator 


The circuit diagram of a tuned grid oscillator is shown in Fig. 
9.2(a). In this oscillator, the tuned circuit is placed between the grid 


Fig. 92 
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and cathode and coupled to the anode of the valve by mutual induc- 
tance. The equivalent circuit of the oscillator is shown in Fig. 9.2(b). 


and 


In this case, we have, 


ep =Ip (R-EjoL--ry) —joMI E (9.10) 


jeMIs — I ( јә Al xu ЫШ 
fete 
aC we can rewrite equation (9.10) as, 


NT : 6 
ome (R+joL +rp) —joMI 


or, (ouea) (R joL-Ery) 


I _R+AjoL +r, 


or, (9.12) 
1» E јем 
joc 
Again from equation (9.1 1) we have, 
1 Р 
a JoM ; (9.13) 
PR, +joL,+— 
joC 
By equations (9.12) and (9.13), 
RtjoL+rp_ joM 
B joM j 1 
БЛЕЗ азы 
Д ; Ie m Д 
ai Gabe ( R,tAjoL, 0) Е Uc +ioM) (9.14) 


(^ R«r,, it is neglected) 
From equation (9.14) we can write, 


Ret oly SEM. озм (9.15) 


and 


[D TeLR—. =0 (9.16) 


Equation (9.15) can be written as, 


CRity —*L L(C-4-L—u M —o* M*C (9.17) 
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| If the grid circuit is resonant, 
oL,C~1 


then, Сам М 
Ly 


4 <1, we have 
1 


LO CR, 


Мете күк (9.18) 
| for the maintenance of oscillation, 
| CR, 
| n2 Mp nae (9.19) 


Again the frequency generated can be obtained by using equation 
(9.16). We have, ` 


OL +toLR = 22, 


or, o*L Cry +o? LCR; =rp 


w? рз Ss pSV 
L,Crp+LCRi 


(3) 1 
ог = 
? 2л 2x ТЕ 
1 А | 
Vae "EY 
— LRI 
ог, fafa Des ) (9.20) 
where, fa т 
УС 
2п 


"Therefore in this case the frequency generated is slightly less than 
the resonant frequency of the circuit. 


9.6 Hartley Oscillator 


Fig. 9.3 shows two forms of Hartley oscillator circuit. In this 
oscillator, a single tapped coil is utilized instead of two separate coils 
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as used before. Fig. 9.3(a) shows a shunt fed circuit and Fig. 9.3(b) 
is for series fed circuit. 


Fig. 9.3 


In the shunt fed arrangement the tuned circuit and the valve are 
in parallel with the HT source. To avoid short-circuiting, an impe- 
dance (high frequency choke) is inserted here between the anode and 
the positive terminal of the HT. Also, to block the direct potential 
from the grid a capacitor С, is included. In the series fed arrangement ў 
of the oscillator the tuned circuit, valve and the НТ all are connected 
in series. As a result, the oscillatory current flows through the НТ 
source and so it is shunted by a low reactance capacitor Cy. Neglecting 
the capacitors С, C, and also the high frequency choke used we can 
draw a simplified equivalent circuit of the two arrangements a: shown 
in Fig. 9.4. In each circuit the total inductance L is given by, 

; . Tp 


Fig. 9.4 
L=L, +L +2M 3 0921) 
Now, from the equivalent circuit we have, ` 
иев=Гртр-Е1,(Ёу--}®1,) Hajo M 37 (9.22) 
e=h (Rs Ajo; --I5joM + (9.93) 


ВЕНЕ ЖАК 2, 
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Substituting the values of Ip and eg in equation (9:22) we get, 
BS 4- jo L3) +h jo M] — (1, —H)rp +1, (Rs -jeoL,) +hjoM 
95 ДГ», М) =he(rp + BR; jo (uL, —M)] 


I, — LU» BR. +jo(uL,.—M)] 
ФЕМ) 


Round the tuned circuit the voltages are given by, 


(9.25) 


I (s јә) J-L joM-4-I(Rs-- joLy) +1, joM+ gi 


or, LR, + jo(Z4-M)]--I, [R jo(L++M) t=? (9.26) 


Substituting the value of J, from equation (9.25) in equation 
(9.26) we get, 


1s [tror jo (us MV joa М) 


Hip E Ry- E je( uM) {Re gO TEM) +0)] X^ 
(9.27) 


The circuit will be oscillatory when the quantity within the 
Square bracket vanishes. The quantity is separated below into real 
and imaginary parts. The real part gives the condition for maintenance 
of oscillation ‘while the frequency generated is obtained from the 
imaginary part. 

The real terms of equation (9.27) give, 


(ERO) SR +h) + AHEM _ qat ap (pM) 


—e*(uL,—M) (43-M)—0- 


Neglecting the term R,R, (1-Ен), as it is very small, we can write, 


ro(R HR) + EM оаа мз) 


on Ж-М рр, — M?) (1) (ВВ) 


1 
= тром) 


оё 
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L,—uM (Labs — М?) (1-H) 
C (7-4 -2M)C 


rp (Ra 3- R3) 


from which 


L4--M , т(В, Рз) (Lı +L 4-2:M)C 


UCLSEM C (LM) Ga -M) 
If the resistance of the coil is neglected, we get, 
_1,4M 
P ЕМ Фа (9.28) 


Equation (2.28) gives the condition of oscillation in a Hartley oscilla- 
tor. The equation shows that the circuit can be adjusted for oscillation 
by changing the tapping point of the coil. 


Again, the imaginary terms of equation (9.27) give, 
oro (La HMHL +M) ав (14и) + aR (1 u] =E 


If LR (1-6) and І.Р; (1 +#) are small in comparison to 
p(y 4M --La-- M), we have, 


ОЕ eet st Ёш гуу 
Org (Es EL, t2M) 
= тр-ЕЁү 
e x / Cr tLe +2M) 
9 Ry 
e aes ~ fa (1 +54) e (939) 
1 
where, fg— 


2x / (L; 3-LD3--2M)C \ 


Equation (9.29) gives the frequency of oscillation of a Hartl 
oscillator in terms of the resonant frequency fp. The frequen i 
oscillation may be varied conveniently by using a variabl i s 
genitus чын € capacitor 


9,7 Colpitts Oscillator 


The circuit diagram of a Oolpitts oscillator is shown in Fig, 9 
In this oscillator, the cathode is connected to the tapping cater ie 
capacitor instead of the coil. A grid leak resistor КЫ esci te о E 
a conducting path between the grid and the cathode. As the rem i 
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shunt fed a high frequency choke (HFC) is also essential here. In 
addition a low reactance capacitor C' is utilized to prevent direct 


anode voltage from the grid. If we neglect these extra components, 
the simplified equivalent circuit will be similar to that as shown in 
Fig. 9.4 for Hartley oscillator. 


In this case we have, 


A: I 
peg=Lprp AE С, Р (9.30) 
= JE 9.31 
^8 С; dio (9.31) 
TEOT 2. — (9.82) 
In : VY 
and Ja +Ыр diebns ) =0 2 OE) 


Solving these equations for voltages and currents we can calculate, 
as before, the oscillatory condition and the frequency of oscillation 
of the circuit. 

The condition for the circuit to be oscillatory may be expressed as, 

[artes RG +O) [i | 
1 +u=[ С, + L Tp(C1+C2) 
a ROK tp (С.С) ме have, 


СЕС: BO) 


jim NU 
zs m _ toR(C, C3) 2. 09.34) 
1 


10 [=гЕСткоміС5] 
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Again, the frequency of oscillation f is given by, 


1 ЖИЕ EG 
eui 829 


„уз е) өз 


where fa is the resonant frequency of the tuned circuit. Equation 
(9.35) shows that the frequency of oscillation can easily be altered by 
varying fa which in turn may be changed by changing the value of 
the inductance L. 


Series fed is not possible in Colpitts oscillator, since with series 
fed no d.c. path is available from plate to cathode. 


It is interesting to note here that the frequency of oscillation in 
Colpitts oscillator is greater than the resonant frequency while in 
Hartley oscillator it is less than the resonant frequency of the tuned 
circuit. 


9.8 Phase Shift Oscillator 


The circuit diagram of the RC phase shift oscillator is shown in 
Fig. 9.6. In this oscillator, the output across the load resistance R, 


Fig. 9.6 


is fedback through a phase shift network. The feedback т 
three К-С sections, each producing a phase shift of 60°. 
bution of currents in the three sections is shown in Fi 
that C,=C,=C,=C and R;=R,=R,=R, 


etwork has 
The distri- 
8- 9.7, assuming 
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Ап analysis of Fig. 9.7 gives the following relations, 


Ep —(h +1, 4-5) goce sos (9.36) 
LR—E, ees (9.37) 
ьЁ=їү set the +. (9.38) 
I,R—(1, HJ xc +I,R oe (9.39) 


Fig. 9.7 


Using equation (9.37) to equation (9.39) the expressions for currents 
I, I, and І, can alternately be written as below: 


L=} 2 (9.40) 
1, 
L=R 5 TUM 
un y d (substituting the value of I) 
=; scm +5) zo (CED) 
1 
апа 1,—(1 4-15) joCR Th 
TOME 1 1 1 1 
EXC TR "scie zac JoCR? +2) 
1 
(ат) e (942) 
Again, from equation (9.36) we have, 


Ер= (aH) soc (Ha) TON EE (9.43) 
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Substituting the values of Ij, I, and I, from equation (9.40) to 
equation (9.42) and solving we get, 


1 
5 ) ( 1 6 ) 
(1 SCR) ASC SCR 
The complex voltage gain A of the amplifier can be written as, 
A=A,4+j4; 


For the given circuit 4;—0 and hence A-—A;. 
Again for sustained oscillations, 


(9.44) 


АВ=1 
1 
7 l—A—A, 
ог, B 
from equation (9.44) we can write, 
йк А | Болуб iln 6 
deem аст) us (ramae) EEAS 
The expression for frequency is obtained by equating the imagi- 
nary part of equation (9.45). Thus, 


DEES 
oC RP OCR 


1 
© EGG 

1 i 

i f © 2т\/6СЁ 


(9.46) 
Since the variation of R and C in equation (9.46) is too compli- 

cated, the oscillator is used usually where a constant frequency is 

required. The frequency stability of th д 


€ phase shift oscillato 
€ver, not as good as can be achieved 


: r is, how- 
with other RG oscillat. 


Ors. 


9.9 Wien Bridge Oscillator 
The circuit diagram of the Wien 


Fig. 9.8(a). The oscillator, as shown, 
amplifier of which a part of the output 


Bridge oscillator is shown in 


is a two-stage ВС coupled 
voltage is fedback to the input. 
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The reason for the name is found in the form of the coupling network 
to tube 7}, the bridge nature of which is given in Fig. 9.8(b). 


Fig. 9.8 


The tungsten filament lamp R, has a positive temperature co- 
efficient of resistance and is used for automatic control of the amplitude 
of oscillations. When the oscillator works if the amplitude of its oscilla- 
tion increases, the lamp becomes hotter causing an increase of Ry. 
Consequently, the grid cathode potential of the tube 7; reduces, 
causing a decrease of the amplitude. 


In the Wien Bridge oscillator, oscillations are produced when the 
feedback voltage becomes equal to the magnitude and phase of the 
input voltage of the first stage. 

Let, , Ey=feedback voltage, 

E,—input voltage, 


A=complex voltage gain 


=A,4jAi 
and B=feedback factor. 
Then we may write, 
Еу=АЕ; В К (9.47) 
2 
Her, B= эло (9.48) 
Z; 


where, Zg—complex transfer impedance, 


Z; —impedance of the load. 


So equation (9.47) can be rewritten as, 


Еу=А Е; 28 Es (9.49) 
L 
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Now, from the circuit we have, 


Loe 
Zs Rp l 
JoCa 
Eom ja; 
=h, Joa 
—LEJjeGR, 
Ry 
R 
уд == 
ЕТТ. ES (9.50) 


and Z,—Zg--Z' 


where, Z' (+=) 


Z= 


“ryja t A 
Thus by equations (9.49), (9.50) and (9.51) we have, 
Еу АЕ; =, ee (9.52) 

LE H^ rc) 


For sustained oscillations, E; —E; 


STER (^ ems] 
RJ (1 4-joCR;) 


=14 (1 -ЫөС,В,) (1 +JoC,R,) 


JoC,R, 


Ly: (L—o7C,G,R,R2) + (СР СР) 
JoC,R, 


Since i=0, we have A=A, 


111—968, С.В, ACR. 
A ТЕ i 1 Jac Boho 
r ПОСТЕ К m 


(9.53) 


GR, 
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Equating the imaginary parts of both sides we get, 
1—e*C,C,R,R,—0 


81 
IECIGSRTRS 


= = 
` VCCRRe 


ог, о? 


ог, 


1 
a 9.54 
f 2z/ CCS RR, (999) 
Again equating the real part of both sides, 
2p Ri TOR, R, Cs 
IAM OE eun 
If Ry=R,=R, C,=C,=C, then 
A,;=1+1+1=3 
1 
= 155 
and ef SCR (9:55) 


Су, C, in the circuit are variable air capacitors having maximum 
to minimum capacitance ratio by about 10 : 1 and so according to 
equation (9.55) the frequency of the oscillator can be varied in the 
same ratio. 


9.10 Crystal Oscillator 


Some crystalline materials, e.g., quartz, show piezoelectric proper- 
ties; that is they deform mechanically by the application of an electric 
field. Or, in other words when the crystal is deformed externally an 
electric potential is formed between the opposite faces of the crystal. 
This property of a quartz plate vibrates it mechanically when provided 
with conducting electrodes connected to an alternating voltage 
source. The vibrations produce electrical signals which are maximum 
at the natural mechanical resonant frequency of the crystal. 


The electrical characteristics of a quartz crystal can be repre- 
sented by the equivalent circuit shown in Fig. 9.9. In the figure the 
inductance L, capacitor С and the resistor Ё are all connected in series. 
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'To this the electrostatic capacitance C' is added due to the parallel 
plate capacitance of the electrodes with the crystal as a dielectric. 


R (i 
p e 


(а) Equivalent Circuit (b) Circuit Symbol 


Fig. 9.9 
An RC oscillatory circuitt using quartz crystal is drawn in Fig. 9.10. 
The figure exhibits a simple form of ‘Pierce Oscillator’ employing the 


crystal. Basically, it is a Hartley oscillator where the cathode connec- 
tion is made between the choke and the grid leak. 


Fig. 9.10 


Mathematically, we can express the motion of a vibrating body as 
TE а лаз, 
тта 02-000) (9.56) 
where, m=mass of the crystal, 
b —internal mechanical loss coefficient 
and k=elastic constant of the crystal. 


As already mentioned, equation (9.56) is identical with the equation 
> 
i КЫ уд 
Dy Fo 0 (9.57) 
Since the two equations have identical form, mechanical reso- 
nance is expected. We therefore introduce a term mechanical Qj 
factor, which can be written as, 


(9,58) 
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© The series-parallel equivalent circuit of a crystal indicates a series 
resonant frequency s (zero impedance) and a parallel resonant 
frequency wp (infinite impedance), where, 


(9.59) 


O= 


VIC 


and oy ЩА) .. (9.60) 


Accordingly the parallel resonant frequency is always higher than 
the series resonant frequency. 

Crystal oscillators are widely used in cases where higher order of 
frequency stability is required. For such purposes quartz is almost 
universally used because it is highly strong and has a small tempera- 


ture coefficient of expansion. 


Examples 


1. A tuned plate oscillator uses a vacuum tube having amplification factor 
p=20 and 8m=10-8 mho. Inductance L of the tuned circuit is 50 mH and shunt 
capacitance including interelectrode and stray capacitances C=160 pF and resistance 
of 16 Q. Find the frequency of oscillation of the circuit. 


Here, ш=20, #т=10-% mho, L=50 mH —50 x 10-3 Н, 
C=160 pF—160: 1071? Е. R=16 Q. 


The frequency of resonance fp of the tuned circuit is given by, 


2/50 x 103 x 160 x 10712 
—56.28 x 103 Hz 


7. the frequency of oscillation, 
R 
ff D 1 Sl 
27р 


16 
=56.28x103(14__" _\ [v ›„=Ё—=20х10з2 
( San) xc 5 


=56.30 x 103 Hz. 
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2. In a tuned grid oscillator the electron tube used has y=15 and Tp=10 ко. 
The resistance in the tuned circuit is 12 (2 and the tunning capacitance of 300 pF 


Find the mutual inductance between grid and anode coils for the maintenance of 
oscillation. 


Here, p=15, rj =10 KQ=10 x 103 Q, 


R,—12 Q, C—300 pF—300 x 10-12 F. 


For the maintenance of oscillation, 


CR 
ret 
or, Me CR 
Em 
Now, а tS 15x 10-4 
Тр 104 
> 12 
m M800 1032 x 12 
15x10-4 


=2.4x10 Н. 
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Self-Test 


Read cach of the following and provide the appropriate words: 

(a) An oscillator is used for converting — power into — power. 

(b) The three different parts of an oscillator are the internal amplifier, feed- 
back network and — litaiting device. 

(c) Microwave oscillators have frequency above — MHz. 

(d) Sine wave oscillators are either negative resistance type or — type. 

(c) Phase shift oscillators are — oscillators. (R-C/L-C). 

(f) In tuned grid oscillator the tuned circuit is placed between grid and — and 
coupled to the — of the valve by mutual inductance. 


(g) Crystal oscillators are widely used in cases where lower order of frequency 
stability is required. (True/False) 


Review Questions 


1. What is an oscillator? What arc its essential parts? 
2. How oscillators are classified? Discuss. 


3. Show that for a tuned plate oscillator the frequency generated is slightly 
greater than the resonant frequency while for a tuned grid oscillator it is slightly 
Jess than the resonant frequency. 

4, Discuss with circuit diagram the operation of a Hartley oscillator. Derive 
an expression for its frequency. 

5. Sketch a Colpitts oscillator circuit and explain its action. What is the approxi- 
mate frequency of oscillation? 

6. Explain with necessary diagram a phase shift oscillator. Give its equivalent 
circuit. Find an expression for its frequency. 

7. Sketch the circuit diagram of a Wien Bridge oscillator. Explain its action. 
Calculate an expression for its frequeacy. 

8. What is a crystal oscillator? Why quartz is used for the purpose? With 
necessary diagram explain its action clearly. What are the uses of a crystal oscillator? 

9. In a vacuum tube oscillator using a tuned anode circuit, the mutual in- 
ductance between the grid and the anode coils required is 3 mH, The tuned circuit 
has coil of inductance 50 mH and resistance of 16 ohms. Find the value of average 
mutuel conductance for constant amplitude oscillation whea the tuning capacitance 
in anode circuit is 160 pF. The vacuum tube used has w=20. (Ans. 5.02 x 10-5 mho) 


CHAPTER 10 
MODULATION AND DETECTION 


10.1 Introduction 

Our music or speech is usuall 
lying in the audio frequency range of 0-15 kHz approximately which 
cannot be transmitted directly at a long distance. For transmission of 
intelligence or message from one place to another we have to take 
the help of high frequency or radio frequency waves. Such a process 
of raising the frequency of the intellige: 
position over a high frequency voltage 
briefly we may define modulation as а 


y in the form of low frequency waves 


ncc or the message by super- 
is known as modulation. Or, 
process of superposing informa- 


called demodulation or detection. 


То illustrate the phenomena more explicitly let us consider the 
waveforms of Fig. 10.1. Here Fig. 10.1(a) reveals the electrical equiva- 
lent of a single musical tone which is simply an a.c. sine wave of the 


(a) Ns 


Fig. 10.1 
corresponding frequency while a RF carrier w. 
tude and frequency is shown in Fig. 10.1(b). 
carrier is being amplitude modulated by the 
amplitudes of both the half cycles vary in acc 
signal. In (d) of Fig. 10.1 finally the frequenc 
156 


ave of constant ampli- 
In Fig. 10.1(c) the RF 
AF wave so that the 
ordance with the audio 
y of the carrier is varied 
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according to the amplitude of the AF signal. Note that if the positive 
amplitude of the audio wave is higher, the greater is the frequency of 
the RF carrier. 


10.2 Types of Modulation 


The equation of an alternating voltage may be accurately written. 
as, 


e=Am cosÜ E (10.1) 


where, Am is the amplitude 
2 ; 4@ 
and 0 =fodi+ġ ( - angular velocity o = aj 


So we can writte equation (10.1) as, 
e—Ày cos ( fo dt--4) a: (10.2), 
where the constant of integration ¢ is the phase angle. 


Equation (10.2) clearly shows that the a.c. waves has two para- 
meters which may be varied or modulated. These parameters are 
(i) the amplitude and (ii) the angle, causing the following two basic types. 
of modulation: 


(a) Variation of amplitude Am with time, giving the amplitude 
modulation (AM). 


(b) Variation of the angle with time, giving the angle modulation 
which has two subgroups, viz. (i) variation of Jo dt with time resulting 
frequency modulation (FM) and (ii) variation of $, the phase angle, 
with time resulting phase modulation (PM). 

10.3 Analysis of Modulation 


(a) Amplitude Modulation—For this case the angular velocity c. 
is a constant factor at oc, where о, is the so-called carrier frequency. 
Equation (10.2) can then be written as, 


е=А cos (ac t+) +» (10.8) 
Let the signal or the modulating voltage is expressed as, 
£g — Eg COS Om t А SOS (10.4). 


where, Em is the amplitude and ољ is the angular frequency of the 
signal. 
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Now, the amplitude Am should vary as 


Am=Ec+Ka Em cos om t (Ka=proportionality constant, 
;—amplitude of the carrier) 


Lm COS Om ) 


=E,(1 + 
=E; (1--та cos оті) oto (10.5) 
Kali, 


where, ma= ois called the modulation factor and when multiplied 
с 


by 100, it gives the percentage of modulation, 
The complete expression for the amplitude modulated voltage 
is now written as, * 


e=E,(1-+ma cos amt) cos oct 606 (10.6) 


The constant phase term ¢ has been neglected here as it has no 
importance in this process, 


(b) Frequency Modulation—For this case the angular velocity 
в may be expressed as, 


@©=00+K7 Em cos omt tee ТЕ (10.7) 
where the centre frequency fo ex j 


and Ky=degree of frequency variation. 
Use of equation (10.2) then gives, 

e=E, sin J(wo+Ky7 Em cos og t)dt--$ 
or, е=Ё; sin( @ot+ м sin ont) m (10.8) 


The integration constant $ is again dropped as a constant angle. 
The frequency modulated voltage in equation (10.8) can alter- 
nately be written as, 
e=E; sin (o t4-8 sin'og t) 


where, 8 = 08 is called the deviation ratio. 
m 


(10.9) 


(c) Phase Modulation—For this case о is a constant factor at o 
Equation (10.2) then gives the form S 


e=Ez sin (as t-+¥) (10.10) 
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where the angle ф may be given a time variation as, 
ф=ф»-ЕК» Em cos og t aae CO) 


Here Ky relates the phase angle variation with the signal amplitude and 
is called proportionality constant. 


From equation (10.10) substituting the value of ) we have, 
£ —E., sin (оо t+ +Ky Em cos wm t) -. — (10.12) 
Neglecting the constant phase angle (о, the general expression 
for a phase-modulated voltage is written as, 


е=Е‹с sin (оо t+a COS Om t) ES (10.13) 


In equation (10.13), фа=Ку Em is called the phase deviation. It is 
interesting to note that the expressions for frequency and phase modu- 
lations obtained in equations (10.9) and (10.13) differ in the co- 
efficients ô and фа and also in a 90° shift in the modulation phase angle. 


10.4 Sidebands and Energy Consideration 

Both amplitude and frequency modulation systems serve well the 
basic function of communication. However, AM is more widely used 
due to its greater power output, simplicity of operation, etc., we shall 
here confine our attention only to the case of amplitude modulation. 


We have found that the equation for an amplitude modulated 
wave may be written as, 
e=Ec(1-++-ma cos og t) cos oct 


where, cos wm t cos ос t=} [cos (о: от) --соз (ос —wm)t] 
i «==; Сов ов 14 Mole [соз (осот) --сов (осот) ] ... (10.14) 


Equation (10.14) shows that іп an amplitude modulated wave 
there are altogether three frequencies. The first one is the original 
carrier frequency о; while the other two are the algebraic sum and 
difference of the carrier and modulation frequencies known as the 
upper side frequency and lower side frequency respectively. The width 
Aw of the modulated wave is therefore given by, 

Ao —(ec--0m) (ост) 
=2 em - (10.15) 
Thus we see that the required bandwidth for transmission of an ampli- 
tude modulated signal is twice the highest modulating frequency. 
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Again from equation (10.14) it appears that for both the side- 
bands the amplitude is ma/2 times the carrier amplitude. Since power is 
directly proportional to the square of the voltage, we have, 


КЕ? 


carrier Bowen с. =P, 


and total sideband power=2 кыр: 


n тї 
=carrier power x Gy 


-. total power in a modulated wave 


—carrier power + total sideband power 


=p) (1 +") -. — (10.16) 


10.5 Modulators 


In order to get the amplitude modulation of a radio carrier, the 
modulating signal is injected into the RF power amplifier stages of a 
transmitter. There are several circuits for this purpose such as (i) plate 
circuit modulation, (ii) control or screen or Suppressor grid circuit modulation, 
etc. Of these plate circuit modulation as discussed below is most 
commonly used because of its higher efficienc 


у and simplicity in 
adjustment. 


The fundamental circuit for plate modulatio: 


n is shown in Fig. 
10.2. Here the RF carrier is inserted to the grid 


point of a tuned RF 


Zz 


Modulated 
output across load 


Modulated 
RFamplifier 


Modulating 
signal input 


Modulation O+Ebp 
Iransformer 


Fig. 10.2 
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amplifier stage while the AF modulating signal is injected in series with 
the d.c. plate supply. Now during the positive half cycle of the audio 
signal a positive voltage is induced in the transformer secondary 
causing an increase of RF voltage across the tank circuit while during: 
the negative half the voltage induced in the secondary subtracts from: 
the plate supply voltage and thus resulting a decrease of the RF voltage 
across the tank. In this fashion the amplitude of the plate circuit is 
altered with the audio signal and the modulated carrier appears in the 
secondary of the RF output transformer. To obtain 100 percent 
modulation the peak amplitude of the audio signal is made equal to 


the plate supply voltage. 


10.6 Types of Detection 

By detection, also known as demodulation, the audio component 
of a modulated wave is separated from the RF carrier component. 
Devices used for detection are called detectors which are classified 
into two categories: (a) linear diode detectors.and (b) square law detectors. 
In linear diode detectors a linear relation exists between the carrier 
amplitude and the detected output voltage while a square law detec- 
tor utilizes the non-linear portion of the dynamic current voltage 
characteristic. Since in the latter type, current flows continuously 
through the detecting circuit element, its behaviour can be analyzed 
easily using the power series representation. 


Square law detectors of the following types are generally used: 
(a) diode detectors and (b) triode detectors. 


10.6.1 Diode Detectors 


These detectors are widely used in radio receivers as they are 


comparatively free from distortion and also very suitable for the 


automatic volume control. _ 


The fundamental circuit diagram and waveforms of a diode 
detector are shown in Fig. 10.3. It is seen that the RF modulated sig- 
nal is coupled here to the plate of the diode through a transformer. 
When the plate is positive with respect to the cathode the tube conducts 
and consequently a pulse of current flows through the tube and the 
load resistor R,. But during the negative half cycle of the carrier 
signal no current flows. Thus at the output of the diode a series of 

11 [ELECTRONICS] 
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positive half cycles of the carrier wave are obtained which, however, 
become much fast to be made audible in a speaker. To smooth out the 
remaining RF carrier variations a filter circuit consisting of a capacitor 
C and a load resistor Ё is used. The capacitor C bypasses all RF 
components while the average components develop a voltage across 
R, and thus producing the desired detected output. 


o—— 


Modulated 
input 


1 П 
Modulated signal | Rectified curren!| Audio voltage 
input voltage | pulses | across К азі C 
Fig. 10.3 


Since the dynamic current voltage characteristic follows the 
square law relation we may write, 


a.c. plate current tp=ay ¢ +a, e$ (10.17) 
(10.18) 

Obviously, the second term on the right hand side of eration 
(10.18) provides terms in frequencies Om, 20m, oo, 2(coe-Heam) 
and 2(0с —от). The RF terms are bypassed by using high value 
capacitor while the terms in frequencies wm, 2m are formed across 


Rz. Out of these the term in frequency 205 is the distortion term while 
©m constitutes the desired output. 


and the plate voltage e; —E; (1-I-ma cos Om t)cos we t 


10.6.2 Triode Detectors 


Square law triode detectors are of the follo: 


wing two types: 
(i) anode bend detectors and (ii) grid leak detectors. si ANT 


'The circuit diagram of the anode bend dete 
Fig. 10.4. The triode is biased heavily near the cut-off value so that the 
operation takes place near the non-linear portion of the transfer 
characteristic. Here also the RF components are bypassed by the 


ctor is shown in 
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capacitor C so that only the low frequency components are developed 
across the load resistor Rz. One great advantage of this circuit is that 
it amplifies the incoming signal besides the detection. 


Demodulated 
output 


Modulated 
RF signol 2 


Fig. 10.4 


A circuit diagram of a grid leak detector is shown in Fig. 10.5. 
Here the grid bias is set up by d.c. rectified current passing through 
Rg and the AF voltage across CgRg combination is amplified. Detectors 


= Demodulated 
= output 
Modulated 
RF signal 


Fig. 10.5 


of this type are not very sensitive and a strong signal voltage is required 
for their proper operation. There use is, therefore, limited mainly to the 
highly sensitive superheterodyne receivers. 


10.7 Vacuum Tube Voltmeters 


Vacuum tube voltmeter, abbreviated as VTVM, is a very valuable 
instrument to measure precisely voltages from very low audio fre- 
quencies to radio frequencies of few hundred MHz. This is achieved 
conveniently by using vacuum tube detectors and depending on the 
type of detectors used they can be broadly classified as; (a) diode 
VTVM and (b) plate detection type VTVM. 


Diode VTVM—Diode VTVMs are usually available in two forms, 
(1) peak indicating type and (ii) amplifier-rectifier average reading type. 
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In the peak indicating type V7VM, similar to the diode detector 
shown in Fig. 10.3, the rectified d.c. voltage across CR; combination 
is a measure of the peak amplitude of the input signal voltage. The 
average d.c. current flowing through №, may be measured by connec- 
ting a sensitive current meter in series with it. The sensitivity of the 
VTVM is increased by amplifying the d.c. voltage developed across 
Rz. The sensitivity of the VTVM corresponds to a full scale deflection 
with only a fraction input voltage. Signals upto several hundred 
MHz can be measured by such instrument. However, the only draw- 
back is that it is very inconvenient to construct amplifiers with good 
gain and stability. 


In the average reading type VTVM the a.c. signal to be measured 
is first applied and then it is rectified. The output thus obtained 
becomes proportional to the average amplitude of the signal and hence 
it is so named. The sensitivity of the VTVM depends on the gain of the 
amplifier which is stabilized by making negative feedback. The 
frequency range of the instrument is rather limited. 

Plate detection VTVM—The principle of this VTVM is similar 
to that of anode bend detectors. If the tube in Fig. 10.4 is biased to near 
cut-off value there will be a small plate current in absence of any 
input signal. Under such condition if the voltage to be measured is 
applied at the input the average plate current increases as recorded 
by a current meter connected in the plate circuit. Signals of radio 
frequency ranges can be measured accurately by such instruments. 


Examples 


1. An amplitude modulated transmitter has a; 
power of 20 kW and can be modulated by a sinus 
maximum depth of 60% without resulting in overloa 
tion index is rectified to 40%, calculate the value 
power may be increased without causing overloading. 


We have, 


n unmodulated. carrier output 
oidal modulating voltage to a. 
ding. If the maximum modula- 
to which unmodulated carrier 


2 
modulated carrier power P=P, (: pea 


Here, Р„=20 kW, ma =60% 
So the maximum power which may be handled by the transmitter is, 


0.6)? 
Р=20 [14.09* 1.55 6 
[i+ p 
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The increased unmodulated carrier power~is then given by, 


2 
23.6—P, | + ex =P; x 1.08 


2 
ду BIDS. 01. вэкуу. 
1.08 


c 


2. A sinusoidal carrier voltage of amplitude 80 volts and frequency 1 MHz is 
amplitude medulated by a sinusoidal voltage of frequency 10 kHz producing 40% 
modulation. Determine the frequency and amplitude of lower and upper sidebands. 


Frequency of lower side band —1 MHz—10 kHz 
—(1000—10) kHz 
—990 kHz 


Frequency of upper side band —1 MHz 4-10 kHz 
— (1000-10) kHz 
=1010 kHz 
Amplitude of both the side bands 


та Ec 


2 


=. (C ma=0.4, Ej—80 volts) 


=16 volts. 
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Self-Test 


Read each of the following and provide the appropriate words: 


(a) — may be defined as a process of superposing information on a radio 
carrier wave. Ё 


(b) If the positive amplitude of the audio wave is higher, the — is the fre- 
quency of the RF carrier. (smaller/greater). 


(c) The expressions for frequency and phase modulations differ in a — degree 
shift in the modulation phase angle. 


(d) In an amplitude modulated wave there are altogether three frequencies; 
known as original — frequency, the upper side frequency and the — side frequency. 


(е) The required bandwidth for transmission of an amplitude modulated 
signal is — the highest modulating frequency. 


(f) Devices used for detection are called —. 


(g) The use of grid leak detector is mainly limited to the highly sensitive — 
receivers. 


(h) Signals of radio, frequency ranges can be measured accurately by — — 
VTVM. 


Review Questions 


l. Explain with suitable diagrams what is meant by modulation and demo- 
dulation. 


2. What are the different types of modulation? Clearly define those. 

3. Find expressions for amplitude, frequency and phase modulations, 

4. Show that an amplitude modulated wave can be represented by a carrier 
and two sideband frequencies for each frequency of modulation. 

5. Find an expression for the total power in a modulated wave. 


6. What are modulators? Describe briefly the principle of plate circuit modu- 
lation. 


7. Discuss briefly with necessary circuit diagrams the following: 
(a) Diode Detectors (b) Triode Detectors. 


8. Write a short note on vacuum tube voltmeters. 


9. A modulating voltage of 1000 Hz frequency is used to frequency modulate 
a carrier of 100 kHz so as to produce a frequency deviation of 25 kHz. Calculate 
the modulation index and band width of the modulated wave. (Ans. 25, 50 kHz) 


10. A sinusoidal carrier voltage of frequency 800 kHz and amplitude 120 volts 
is amplitude modulated by a sinusoidal frequency 20 kHz producing 60%, 
lation. Calculate the amplitude and frequency of lower and upper sidebands. 


(Ans. 36 volts; 780 kHz, 820 kHz) 

11. A carrier wave of 1000 kHz frequency and of 100 volts amplitude is 80% 
modulated by a modulating voltage of 1 kHz frequency. Find the frequencies and 
the amplitude of the sidebands. Calculate also the proportions of powers present in 
the carrier and in the sidebands. (Ans. 999 kHz, 1001 kHz; 40 V; 1 : 1.6) 


modu- 


CHAPTER 11 
RADIO COMMUNICATION 


11.1 Introduction 

In 1865, Prof. C. Maxwell, an English scientist, first predicted the 
existence of the electromagnetic (radio) waves which was later verified 
by a German scientist H. Hertz in 1887 using a simple transmitter 
and a detector. A more sophisticated communication system fora 
distance of about 2 miles sent out the first radio telegraphy messages 
in 1896. Continued research on the science of radio communication 
system was started from 1901 but the progress was very slow. and 
erratic until the invention of the crystal detector and the triode valve 
by Lee De Forest in 1907. 


Present radio communication system consists of either modulation 
of radio waves by speech or music, called radio telephony, or conti- 
nuous radio waves (CW) with a telegraphic code, known as radio 
telegraphy. 

The basic elements of a radio communication system are shown in 
Fig. 11.1. The elements are: (1) a microphone or a telegraph key to control 
the radio waves, (ii) a transmitter for generation of radio waves, (iii) a 
transmitting antenna and a receiving antenna, (iv) а radio receiver to select, 
amplify and demodulate the information present in radio waves and 
(у) а loudspeaker от a headphone to convert the electrical waves into 
sound. : 


Antenna 


Microphone Loudspeoker 


Fig. 11.1 


11.2 Radio Transmitters c М 
Radio transmitters may be broadly classified according to the 


(a) type of modulation used, (b) the carrier frequency involved and (c) the 
service processes involved. 
According to modulation—There are amplitude, frequency and 


phase modulation transmitters. 
167 
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According to carrier frequency—Long, medium and short wave 
transmitters, УНЕ and UHF transmitters and microwave trans- 
mitters. 

According to service processes—Radio broadcast, radio telephone 
and telegraph, television, radar and navigational transmitters. 


11.2.1 AM Radio Transmitter 

An AM radio transmitter using modulation at high carrier 
power level is discussed here briefly. 

A block diagram of the transmitter is given in Vig. 11.2, which 
consists essentially (i) а master oscillator, (ii) a number of. Srequency multi- 
pliers, (iii) several power amplifiers and (iv) modulating system. 


Transmitting 
antenna 


Class С power 
amplifiers 


Master 
oscillator 


amplifier 


О Modulating 
signal 


Fig. 11.2 

The master oscillator generates oscillation at a desired frequency 
which is kept constant within a very close limit. If the frequency of the 
oscillator becomes less than the desired carrier frequency of the trans- 
mitter the frequency multiplier stages, called harmonic generators, 
are used to get it. In order to isolate the harmonic generators from the 
master oscillator a buffer Stage is used as shown, so th 


at the variation 
of load, if any, may not affect the oscillator, 
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The modulating amplifiers, generally a class В pushpull type, 
feeds audio power into the modulated amplifier which is finally 
connected to the transmitting antenna, as shown. 


11.3 Antenna 

We have already seen that in order to radiate or receive electro- 
magnetic waves successfully an antenna is required. The antenna, 
popularly known as aerial, is a system of elevated conductors. A 
transmitting antenna radiates power from a transmitter in all direc- 
tions or in some definite directions while a receiving antenna intercepts 
a part of that electromagnetic energy travelling through the atmos- 
phere. 

From the famous Maxwell's theory we know that the accelerated 
electric charges (і.е., electrons) always radiate energy in the form of 
electromagnetic waves whose electric and magnetic fields travel at 
right angles to each other. The orientation of the electric field with 
respect to earth is called polarisation. Accordingly if the plane of the 
electric field is oriented horizontally it is said to be horizontally pola- 
rised while if the field is vertical with respect to earth, the wave is said 
to be vertically polarised. Obviously the wave polarisation is basically 
a function of the antenna orientation, 


11.4 Receiving Antenna 

In principle, the design and shape of both the transmitting and 
receiving antennas are same. However, because of space restrictions, 
the receiving antenna has usually a convenient length or loop of wire 
in practice. 


11.4.1 Characteristics 

Characteristics of an ideal receiving antenna are : (i) it receives 
all the desired signal efficiently, (ii) it has an omniairectional charac- 
teristic for long, medium and short wave receptions while for УНЕ 
and UHF reception directional properties are utilized, (їй) with 
change of signal frequency, it has small variation of terminal impe- 
dance and (iv) it should minimise interference effect due to house 


wiring, etc. and alsc fading characteristics. 
11.42 Classification 


The receiving aerials may be either indoor or outdoor type. The 
indoor aerial hàs a comparatively poor pick up and its terminal impe- 
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dance has large resistive and capacitive components. The outdoor 
aerials are of the following types: (a) vertical aerial, (b) inverted-L aerial, 
(c) T-aerial and (d) dipole aerial. 

Vertical aerial—It is easy to construct. This aerial receives only 
vertically polarised transmission and so minimizes distortion. and 
fading which may be caused by obliquely, circularly or elliptically 
polarised transmission. Hence for reception of medium and long 
waves it is often preferred to inverted-L aerial. 


Inverted-L aerial—It has a long horizontal top with a vertical 
lead-in wire. The horizontal top influences both the terminal impe- 
dance and total induced voltage in the aerial. The horizontal portion 
also adds a capacitance between the top of the vertical section and the 
earth. This capacitance for a vertically polarised incident wave be- 
comes more effective for the voltage induced in the vertical section. 


"The disadvantage of the aerial is that it collects both horizontally 
and vertically polarised components of the incident electromagnetic 


wave. The components, as a result, get a random phase relation and 
so tend to cause distortion and fading. 


"T-aerial-—The operation of the T-aerial is little different from 
that of an inverted-L aerial. The horizontal section, divided into 
two parts, in a T-aerial serves as a capacitor to earth and thus in- 
creases the effective height. The balanced horizontal top is used to 
cancel the horizontally polarised wave coming at right angles to the 
aerial top. As far as other directions are concerned the horizontally 


polarised wave will provide sufficiently less pick up in comparison to 
an inverted-L aerial. 


It is to be noted that both the T- and inverted-L acrials are used 
mainly for medium and long wave reception but are not suitable 
enough for short waves. At short wave reception when the aerial length 
becomes approximately A/4 it forms resonance which Causes: serious 
mistuning and damping in the first tuned circuit. 


Dipole aerial—The dipole aerial consists of two. equal lengths of 
open wire connected to the receiver by a feeder. The two wires are at 
180° with each other and they are kept in the same plane. 


Reflectors and directors may be used in a dipole aerial to increase 
the directivity. The reflector is made slightly longer than the dipole 
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and is usually spaced A/4 from the dipole and parallel while the direc- 
tor is made slightly shorter than the dipole and spaced A/8 apart and 
parallel. 

To increase the impedance of the dipole, it is folded. A folded 
dipole, in fact, has an impedance four times greater than that of a 
simple dipole. 

The aerial described above is very useful for short wave recep- 
tion, Since in a short wave communication the radio waves coming 
from the ionosphere has an appreciable horizontally polarised com- 
ponents which induces the desired voltage in the horizontal dipole. 
Besides, when erected horizontally the aerial is balanced to earth and 
so cancelling the local interference effect. 


11.5 Propagation of Electromagnetic Waves 

We know that the radio frequency energy in the form of electro- 
magnetic waves travels outward from a transmitting antenna with a 
velocity of 1,86,000 miles per second. ‘These waves can easily penetrate 
non-metallic objects but are little influenced by the disturbed weather 
like rain, snow, etc. They are supposed to travel best in a free space or 
in a vacuum and no medium is necessary for its propagation. 


Several ways are there for the propagation of electromagnetic 
waves from a transmitting to a receiving antenna. The most important 
of these are: (i) ground or surface wave, (ii) space or tropospheric wave 
and (iii) sky wave. 

In ground wave propagation the electromagnetic waves are 
guided by the surface of the earth and follow a curved surface from 
the transmitting to the receiving antenna. Obviously the propagation 
in this case is controlled by the radio frequency characteristics of the 
ground like conductivity, dielectric constant, etc. Ground wave propa- 
gation is utilized suitably in the MF band (300 kHz-3000 kHz) where 
are obtained upto a distance of few hundred miles and 


field intensities 
diates in all directions equally. So this wave has 


the vertical antenna ra 
practical importance for local radio broadcasts. 


he e.m. waves travel within the first 
10 miles over the earth's surface;.i.e. in the earth's troposphere either 
directly through the space or after reflecticn from the ground. Space 
wave propagation becomes important in the VHE band from 30 MHz. 


In space wave propagation t 
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With contributions from the ground reflected wave, TV and ЕМ 
signals are transmitted in this wa 


у. UHF transmission also takes place 
by utilizing the space wave. 


In sky wave propagation the e.m. waves come to the receiving 
antenna by reflection from the ionised upper atmosphere known as 
ionosphere. Obviously the propagation in this case is controlled by the 
reflecting property of the ionised upper atmosphere which has erratic 
changes with night and day atmospheric conditions and seasons. 


The sky wave propagation is the primary method of 


short wave 
communication around the world. 


11.5.1 The Ionosphere 
It is well known by now that the la 


collectively as the ionosphere, are created due to various strong radia- 
tions coming from the sun. During day time both electrons and ions are 
formed at different heights about 60 km above the ground while at 
night they recombine. In Fig. 11.3, the variations of electron density 
with height at day and night time are shown by solid and dotted lines 
respectively. The figure shows that during day time D, E, Еу, and F, 
layers are formed while at night the D layer is absent and the F, and F, 
layers merge together to create a night time F layer. Above the F, layer 
the electron density decreases exponentially with height, as shown. 


yers of ionised particles, called 


- Height in km —- 


[) 10° 108 
Electrons / С.С т” 
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during day time D and E layers are situated at 60 and 100 kms res- 
pectively whose corresponding electron densities are 104 and 10$ 
electrons/c.c. The height of the F, layer is about 200 kms with an 
electron density of twice the E layer, while the F, layer is situated at 
about 300 kms with a maximum electron density of 109 electrons/c.c. 
At night the electron density of the Æ layer decreases by a factor of 10 
from its day time value. For the F layer also which is formed by the 
combination of F, and F, layers at such times it decreases by the same 
factor from the value of the F, layer. 


11.5.2 Basic Equation of Electromagnetic Wave 


Let us consider after Eccles and Larmor the basic equation of an 
electromagnetic wave that travels through an ionised medium con- 
taining JV electrons per c.c. each of charge e and m. We shall neglect 
here the effect of collision and also assume the absence of any external 
magnetic field. 


Let the electric field of fluctuating intensity associated with the 
e.m. wave is, 


E=E, sin ot 
=E,sin 2x ft (w angular frequency, o—2z f£) (11.1) 
where, Ж is the amplitude of the wave and f is its frequency. 


The electron will vibrate under the action of the electric field whose 
equation of motion is, 


пір, esin 22/1 


dt 
Integrating, 
a= — Fo c cos 2x f t ts (11.2) 
amf 


where the constant of integration is made zero by a proper choice of the 


phase. 


The motion of electrons produces a convection current J; and а 


displacement current Ја, where, 


I-=Nev 


= LONE oon onft Foe (3) 
2xm 3 
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K dE 


and  /4—-—.—- (K=dielectric constant of the medium) 
4r dt 
EE. on feos пріо feos mft 2. — (114) 
4n 2 
the total current, /,=/,4-1а 
(к Ne yf 
-(k куз} g eos aft 015 


"The effect of the electrons thus reduces the dielectric constant from 
Ne Ne 

K to (к d 

i zmf тт] a) p 


alters the phase velocity vp from the free space velocity с by, 


| or in empty space from unity to [m 


pj ee m (11.6) 


xf: 1- Ne 
mmf? 
The refractive index of the ionised layer is then given by, 
EE .Né 
"TES zm ft (11.7) 


If the wave is incident vertically on the ionised layer, then the 
angle of incidence фо=0 and so the condition of total reflection is 


sin фо 0=0=,/1— © = 


тт f? 
N= a 


or, 


—(1.24 x 10%) f? electrons/c.c. ET (11.8) 


Next, in order to explain the ‘skip distance’ and the ‘maximum 
usable frequency’, let us consider Fig. 11.4 where ray paths have 
drawn for different angle of incidence фу. When ¢ is relatively large 
(ray 1), the condition »=sin 4, is satisfied and the refractive index 
becomes slightly less than unity. Under such conditions the wave 
returns to earth after slight penetration of the ionised layer. But as 4; 
is decreased more and more (rays 2, 3 and 4), А must be progressively 
smaller to return the wave and the penetration into the layer will be 
deeper. With further decrease of фо, the maximum electron density will 
be unable to reflect the wave and thus penetration occurs (rays 5, 6) 
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‘Therefore we see that as ¢ decreases, the distance from the transmitter 
to the point where a ray returns to the ground first decreases (rays, 1, 2) 
until we arrive at the angle cf incidence ф, at which the distance 


Fig. 11.4 


becomes minimum (ray 3). This distance is called the 'skip distance? 
and the corresponding frequency of the sky wave is termed as the 
‘maximum usable frequency’ (MUF). An ionospheric layer will there- 
fore be unable to return a sky wave if the frequency of transmirsion 
becomes greater than the maximum usable frequency for that receiving 
point. 


11.5.3 Fading 

The signals received by a radio receiver depend on the ionospheric 
characteristics which is again influenced by night and day, seasons of 
the year and atmospheric conditions. The intensity of any signal 
coming after reflections from the ionosphere is often fluctuating in 
nature. The phenomenon of fluctuating field intensity is called fading, 
Fading is mostly occurred on short wave band but also noticed some- 
times on higher bands. The fluctuations in signal strength at a receiver 
may be due to several reasons. 


(i) Fading may occur on short wave band when radio waves 
after reflections from the ionospheric layers reach at a common 
receiving point. The field strength at the receiver at such times is the 
vector sum of the field intensities by the two rays. Most severe fading 
is noticed when the component intensities are of the same order. 

(ii) Fading may occur due to interference between the direct 


ground wave and the indirect reflected wave received simultaneously 
at the receiver. 
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(iii) Since the variation in the length of the ray path through the 
ionosphere is a function of frequency, the carrier wave and the side- 
band components may combine differently causing a frequency dis- 
tortion. This is known as selective fading. 


11.6 Radio Receivers 


Aradio receiver picks up any RF signal through a receiving 
antenna and then recovers from it the original modulating signal. 
Radio receivers may be broadly classified as: (a) Amplitude Modula- 
tion (AM) broadcast receivers, (b) Frequency Modulation (FM) broadcast 


receivers, (c) Television (TV) receivers, (d) Radar receivers, (е) Communica- 
tion receivers and (Ё) Code receivers. 


The essential functions of a radio receiver are: (i) To extract the 
desired RF signal from the electromagnetic waves, (ii) to amplify the 
RF signal, (i) to demodulate the RF signal for getting back the ori- 
ginal modulating voltage and (iv) to feed the modulating voltage in an 
indicator, like loudspeaker, etc., for receiving the original programme, 


11.6.1 Broadcast Receivers 


Both AM and FM broadcast receivers are usually used in home 


for entertainment purposes. The following characteristics of a broad- 
cast receiver are of primary importance. 


(i) Adaptibility to different aerials—A receiver is to be designed 
in such a manner so that it can be applied to any type of aerial. 

(ii) Operational simplicity—Since broadcast receivers are used 
by listners with little technical knowledge, 


a simplicity of operation is 
desired. A receiver in its most elementar 


y form, has therefore three 
controls. These are bandswitch, tuning control and volume control. 

(iii) Good fidelity—Good fidelity of a receiver means a uniform 
frequency response over the entire audio frequency band. For an AM 
receiver the maximum modulating frequency is 5 kHz while for an 
ЕМ receiver this is 15 kHz and so the latter gives a better fidelity 

(iv) Average sensitivity—The term sensitivi 
defined as the minimum input voltage necessa; 


standard output voltage. A receiver should have reasonably high 
sensitivity to achieve good response over the low and medium strength 
g 


signals. However, it should not be high enough since then it will pick 
up even the undesired disturbances. 


ty of a receiver is 
Ty for producing a 
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(v) Good selectivity—By the term selectivity of a radio receiver 
is meant its ability to differentiate a desired signal of a particular 
frequency from other unwanted signals of slightly different in fre- 
quencies. Good selectivity depends on the sharpness of the resonance 
curves of different tuned circuits used in the receiver. 


11.6.2 Types of AM Receivers 

Depending on the techniques of operation radio receivers are 
classified into two types. These are: (i) straight receivers, which operate 
in a straight manner without frequency conversion and (ii) super- 
heterodyne receivers, which convert AF signals to standard intermediate 
frequency before detection. 


11.6.3 Straight Receivers 


Let us first consider the operation of a simple crystal receiver 
which illustrates the basic principle of radio reception. À schematic 
diagram of the receiver is shown in Fig. 11.5. The electromagnetic 


Antenna 


RF Crystal 
`a transformer 


Fig. 11.5 


waves radiated by the radio transmitters are picked up by the receiving 
antenna which is coupled to the L-C tank circuit through a step up 
RF transformer where some amplification takes place. The tank circuit 
serves the purpose of signal selection which is rectified by a crystal of 
silicon (or carborundum, etc.) for converting the oscillatory current 
into unidirectional current. Finally it acts оп the diaphragm of the 
headphone and produces sound. 


The crystal receiver has drawbacks of poor sensitivity and selec- 
tivity. Improvement in sensitivity is made by substituting the crystal 
by a vacuum tube. A typical vacuum tube receiver of this type is 

12 [ELECTRONICS] 
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shown in Fig. 11.6. The vacuum tube along with А.С. combination 
апа bypass capacitor Ср removes the remaining RF components and 
keeps them out of the headphone. Though the sensitivity of this recei- 
ver is high enough but selectivity is considerably low which may be 


| 
| 
| 
| 
| 
| 
| 
| 


Reception | Selection Detection with amplification: | Reproduction 


Fig. 11.6 
increased by using one or more tuned RF amplifier stages. Amplifica- 
tion in this manner to the tuned RF stages is called tuned radio fre- 
quency amplification and the receiver is called ‘TRF receiver’. A 


block diagram of a TRF receiver is shown in Fig. 11.7. It has several 


Antenna 


Tuned ВЕ AF 


Fig. 11.7 


Loudspeaker 


Stages of RF amplification with tuned tank circuit at the input of 
each stage, an AM detector and one or more AF amplifiers which 
finally connected to a loudspeaker. One major limitation here is that 
the selectivity of the receiver- varies sufficiently with the variation 
of ‘the signal frequency. With the increase of the frequency the selec- 
tivity is found to decrease. It may be noted that the TRF receiver 
though has enough selectivity but if too many tuned ВЕ stages are 
used, the circuit becomes too. selective and then reduces the fidelity 
of the receiver. - 
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11.6.4 Superheterodyne Receivers 

Major Aramstrong invented the superheterodyne receiver during 
the First World War. In this receiver all incoming carrier frequencies 
are converted to a fixed lower value, called the intermediate frequency 
at which the amplifier circuits can operate with maximum stability, 
sensitivity and selectivity. Such conversion to the intermediate fre- 
quency (IF) is made by beating or heterodyning the carrier frequency 
against a locally generated frequency. 

A block diagram of the basic superheterodyne circuit is shown in 
Fig. 11.8. Functions of different stages are discussed below. 
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RF 
amplifier 


IF 
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Loudspeaker 


Fig. 11.8 


Antenna—It receives all the electromagnetic waves and the 
voltages so induced are communicated to the receiver input where a 
parallel tuned circuit responds only to voltage at the desired carrier 
frequency. 

RF Amplifier—The voltage developed across the capacitor of the 
input tuned circuit needs to amplify for detecting weak signals. This is 
done by one or two RF voltage amplifiers designed to amplify only 
narrow band of frequencies using tank circuits. By varying the capa- 
citance or the inductance of the tank circuits the desired signal is 
selected and then amplified. 

Mixer and Local Oscillator—In a superheterodyne receiver the 
carrier frequency / and the frequency of the local oscillations fo are 
fed to a device called mixer, at the output of which a voltage of fre- 
quency (fe—fo) is obtained. This frequency difference is known as the 
intermediate frequency (IF) and may be designated as / The typical 
value of f; is 456 kHz. 
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IF Amplifier—It consists of one or more stages of tuned voltage 
amplifier designed to amplify only a narrow band of frequencies 
around a fixed centre frequency. Since this centre frequency has a 
value intermediate between the radio and audio frequencies, the 
amplifier is designated as an IF amplifier. Most of the receiver ampli- 
fications and selectivity are provided by this IF amplifier. 


Detector—Output of the IF amplifier is fed to the detector to 
separate the modulating signal from the carrier wave which was 
superposed at the transmitter. The detector is usually a linear diode 
detector the output of which gives the audio frequency signal. 


AF Amplifier—Since the audio frequency signal obtained at the 
output of the detector is of insufficient amplitude it is fed to the АЁ 
amplifier to provide additional amplification. Generally one stage of 


audio voltage amplifier is applied followed by one or more stages of 
audio power amplifier, 


Loudspeaker—Through an impedance matching transformer 


the audio output voltage is fed to a loudspeaker which reproduces the 
original programme. 
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Self-Test 


Read each of the following and provide the appropriate words: 


(a) Radio communication system consists of either modulation of radio waves 
by speech called — — or continuous radio waves with a telegraphic code called 


(b) If the field is vertical with respect to earth, the wave is said to be — —. 

(c) In a dipole aerial the two wires at — degree with each other. 

(d) In sky wave propagation the e.m. waves come to the receiving antenna 
by reflection from the —. 1 

(e) At night D layer is present. (True/False) 

(f) The electron density of the E layer is — electrons/c.c. 

(в) Ifa TRF receiver becomes too selective it reduces the — of the receiver. 

(h) In a superheterodyne receiver all incoming carrier frequencies are con- 
verted to a fixed lower value called the — —. 


Review Questions 


1, What are the basic elements of a radio communication system? 

2. What are the different types of radio transmitter you know? With a block 
diagram briefly explain an AM radio transmitter. 

3. What is an antenna? Mention the important characteristics of an ideal 
receiving antenna. 

4. Explain briefly the following: (a) vertical aerial, (b) inverted-L aerial, 
(c) T-aerial and (d) dipole aerial. V 

5. How electromagnetic waves are propagated from a transmitting to a recei- 
ving antenna? Discuss briefly. 

6. Write a note on the ‘Ionosphere’ explaining its different layers and the 
corresponding electron densities. 

7. Establish the basic equation of clectromagnetic wave. Explain what is 
meant by ‘skip distance’ and МОЕ? 

8. How radio receivers can be classified? What are its essential functions? 
Mention the important characteristics of broadcast receivers. 

9, Explain with circuit diagram the operation of a straight receiver. What are 
its limitations? 

10. With a suitable block diagram discuss the different parts of a superhetero- 
dync receiver. 


CHAPTER 12 
ELEMENTS OF TELEVISION AND RADAR 


TELEVISION 
12.1 Introduction 

Throughout the history of human civilization, man has contrived 
in differend ways to extend his sense of sight. The microscope, the 
telescope and the camera were important landmarks along the way. 
These inventions were based upon an important characteristic of the 
human eye known as ‘persistence of vision’. Television is one of those 
miracles which enables us to view a scene occurring at a far distance. 
By the word television we literally mean ‘seeing at a distance’ just 
as we have accepted long ago hearing at a distance. 


12.2 Plan of Television System 


A television system comprises a transmitter and a receiver. In the 
transmitter section a television camera breaks the image into tiny parts 
which after suitable processing fed to the transmitting antenna. The 
antenna then radiates the signal in the form of electromagnetic waves. 
These e.m. waves are received by the receiving antenna where they 
are fed to the television receiver to produce a visible image on the 
screen of the picture tube. 


Fig. 12.1 is a simplified presentation of a television system that 
employs both AM picture transmitter and FM sound trnasmitter. 


sete 
Trdnsmitting >" n 
Antenna Receiving Picture 
) Tube 
AM Picture i КЕ 
Section 


EM nd 
ans: 


Microphone 
Fig. 12.1 


By a single antenna the picture and sound signals are transmitted at 
different frequencies to avoid interference. These two signals are also 
182 
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received by a single antenna wherefrom they are separated by the AM 
picture section and FM sound section. The picture signal originating 
from TV camera terminates in a picture tube while the sound signal 
originating from microphone terminates in the speaker. 


12.2.1 Picture Analysis 


A picture is, in general, characterized by a distribution of light 
and shade over it. An area of an image whose size corresponds to the 
smallest detail and has a uniform total value is called the picture 
element. A complete picture consists of a large number of these tiny 
picture elements. So for transmitting a picture properly it is required 
to transmit the visual information of each picture element separately 
so that their respective identity is not lost at the receiving station. 
This is done suitably by using the phenomenon of photoelectricity 
which converts light energy into electrical signal. In practice, all the 
electrical impulses of the different picture elements are picked up one 
after another and then transmitted rapidly through a single channel. 
This process is called TV scanning. At the receiving end these im- 
pulses are converted into picture elements in the same sequence, 
Because of the rapid scanning and owing to ‘persistence of vision’ all 
the picture elements appear simultaneously before our cyes. 


The scanning of the image can be done by a number of ways. 
Out of which the method of linear interlaced scanning is used widely 
now-a-days. In this method, the scanning beam goes over the series of 
slightly inclined lines downwards to the right. Schematic illustration of 
linear interlaced scanning is given in Fig. 12.2(a) and (b). Fig. 12.2(a) 
shows the downward movement of the scanning beam while the 
upward movement is shown by Fig. 12.2(b). These movements may 
be explained by going through the following steps: 

(i) In Fig. 12.2(a), the scanning spot starts to move from PI 
to the right hand point @ and then reversing its motion it comes 
quickly to R3 and proceeds so on upto the point 5. 

(ш) The upward movement of the spot now starts from S$, as shown 
in Fig. 12.2(b), and comes at U, at the centre of the top line. 

(ii) The downward movement of the spot further starts from U, 
as shown in Fig. 12.2(a) and it traverses the even number line such as 
2, 4, 6, 8, ete. and ends at V. 
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(iv) At this stage, from the point P the scanning spot again 
traverses up and comes back to P. 


Fig. 12.2 


The whole frame thus is accurately scanned using two sets of 
scahning lines, The interlacing of the scanning lines reduces consi- 
derably the flickering of the image. 


In actual cases, the number of. lines per picture frame varies from 
one system to another. A typical value is 525 lines per picture frame so 


on the frequency of the power supply. 


TV Camera (Pick-up device): The function of the TV camera is 
to generate electrical signals suitable for each picture element and to 
scan the image in Proper sequence. A typical TV camera known as 
iconoscope is shown in Fig. 12.3, Its action can be explained as follows: 


Fig. 12.3 


Light from an illuminated Scene, as shown by arrow mark, is 
made to focus by optical lenses on a photosensitive mosaic screen, 
The mosaic is a coating of millions of light sensitive gloubles each about 
0.001 inch in size and is insulated well by using a mica sheet. At the 


= 
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other side of the mica sheet there is a conducting signal plate coated 
with a film of graphite. The gloubles insulated by the mica from the 
metallic coating thus form tiny clectric capacitors with a mica di- 
electric and the common metallic signal plate. Therefore in accor- 
dance with the intensity of the light, electrons are emitted from each 
glouble and thereby charges up its individual capacitor. 


The stored electrical image on the mosaic cannot be transmitted 
as a whole. For this a sharply focussed electron beam formed by the 
electron gun in the narrow elbow of the tube is made to scan the 
mosaic through the attraction of the highly positive second anode, 
called the collector ring. The beam neutralizes successfully the pre- 
vious positive charge formed by photo emission and as a consequence 
discharges the glouble capacitor. At that instant a voltage generates 
across the load resistor Ё; connected to the signal plate. The ampli- 
tude of this voltage varies with the light intensity of the corresponding 
picture clement and it is known as picture signal. 


It is to be noted in this connection that the TV camera of iconos- 
cope type, described above, has а low video output and so it has been 
replaced by ‘image orthicon’ or ‘vidicon’ camera tubes which are much 
sensitive and can televise anything visible with naked eye. 


Horizontal &Vertical , 
Deflecting Сой. В Alignment Coil 


Focussing Coil 
Fig. 12.4 


Image orthicon: "The television camera of image orthicon type is 
mostly used now-a-days. It can be divided in four different sections. 
These are: (i) the image section, (ii) the electron gun section, (iii) the 
scanning and deflecting section and (iv) the amplifier section. A 
diagram of the camera is shown in Fig. 12.4. s 


The image section is the most vital part of the tube where the 
image of the scene to be televised is first focussed by an optical lens on a 
thin glass surface Æ coated with photo sensitive film. The photo sensi- 
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tive surface emits photo electrons from different points according 
to the light intensity of the image. The electrons emitted from the 
right hand side of E are attracted towards the screen 5 kept at a posi- 
tive potential and are made to pass through its meshes. The number 
of meshes of the screen is about 1,000 per inch and is fixed at the left 
hand side of the glass target T of low resistivity at a distance of few 
thousandths of an inch. The electrons are focussed on the target Т 
by the help of the electrostatic field produced by the grid С; and the 
axial magnetic field of the focussing coil. Secondary electrons are now 
emitted from the different points of T which are attracted to 5 leaving 


positive charges at different points in proportion to the light intensity 
of the image. 


The electron gun consists of a cathode K to emit electrons in the 
form of a narrow beam which is focussed on the target by using a 
number of cylindrical grids. In the figure, G, is the control grid, G, 
is the accelerating grid and G; is the focussing grid. The control grid 
G, is utilized for controlling the number of electrons in the beam which 
can be aligned by the help of the alignment coil. 


'The electron beam during its movement through the scanning 
section is deflected by horizontal and vertical deflecting coils and is 
kept narrow by the help of the focussing coil placed outside the scan- 
ning section. A decelerator grid Gg is kept close to the target so that the 
electrons in the beam strike the target with a slow velocity. A part of 
the electrons when strike the target neutralize positive charges deve- 
loped at different portions on it while the remaining electrons are 
turned back in the return beam. As a result electrons in the return 
beam vary in accordance with the intensity of the image and it is 
therefore current modulated. 


The return beam strikes the grid G, which helps to emit secondary 
electrons. The emitted electrons are then deflected in to the multiplier 
section by the deflecting grid G;. The multiplier has a number of sur- 
faces for emitting higher and higher secondary electrons. The amplified 
stream of secondary electrons so produced is finally passed through 
the load resistor R, across which the output is taken through a capa- 
citor C. The maximum output current thus obtained represents the 
black portion of the scene while the less current corresponds to 
lighter shades. 
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Vidican: The television camera of vidicon type is simpler than 
the other cameras and its cost is also lower. But the camera provides 
less fineness of resolution and so is used mainly for televising movie 
film. A diagram of the camera is shown in Fig. 12.5. 


Focussing Coil 2222222222 


Signal Plate: SS Alignment 
c EL Coil 
o Horizontal & Vertical 
Output Deflecting Coils 


30V 


Fig. 12.5 


The image section of this camera consists of a thin conducting 
metallic signal plate which is transparent to light. As before, the 
image of the scene to be televised is focussed by an optical lens on one 
side of the signal plate while the scanning is done by a narrow electron 
beam on the other side of the plate coated with a film of photo-conduc- 
ting substance. When the image of the scene is focussed on the photo 
sensitive surface, its different parts get different resistance values 
according to the light intensity of the image. 

The electron gun consists of a cathode K to emit electrons, a 
control grid G,, an accelerating grid G, and an anode grid G}. The 
anode grid is placed in front of the photo-conducting surface so that the 
electrons of the beam can easily pass through its meshes on the surface. 
Here also the alignment coils are used-for aligning the electron beam, 
focussing coils make the beam narrow and the horizontal and vertical 
deflecting coils serve the purpose of deflection. 


One major disadvantage of this camera is that the resistance of 
the photo-conductive film does not change instantaneously with the 
variation of the intensity of light. 


12.2.2 Transmission of Signals 


In TV, the picture signal is transmitted by modulating a RF 
carrier wave in amplitude. The carrier has a frequency range of 
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54-216 or 470-890 MHz, in general. In practice, a few other signals 
called synchronizing signals are properly added with the picture 
signal for obtaining the so-called video signal of bandwidth 4.5 kHz. 
The function of the synchronizing signal is to maintain correct timing 
of the horizontal and vertical sweep motion and also to keep the 
transmitter and receiver locked in step. 

For transmitting the audio portion, freyuency modulation is 
applied instead of the amplitude modulation. The modulated sound 
carrier has a maximum frequency deviation of 25 kHz. 


12.2.3 Conversion to Original Image 

The video and sound RF signals picked up by the receiving 
antenna are in turn amplified, superheterodyned and then applied to a 
video detector where the video and sound IF signals are separated, 
The receiving arrangement of the television is shown in Fig. 12.6. 
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Fig. 12.6 


The sound IF signal is applied to the separate portion of a receiver 
which after audio amplification goes to a loudspeaker. The video 
signal, on the other hand, is amplified by a video amplifier and then 
reassembled by an electronic beam on the picture tube or kinescope 
which is basically a specially equipped cathode ray tube. The kines- 
cope has a fluorescent screen instead of the mosaic plate so that when 
electrons strike it with high energy luminous radiation comes out. On 
the fluorescent screen, therefore, the brightness of the electron beam is 
varied with the variation of the amplitude of the picture signal and so 

"with the brightness of the transmitted image. 
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12.3 High Voltage Power Supply 

To the anode of the picture tube of a television set, voltage of the 
order of 5,000 to 10,000 volts is applied from a high voltage power 
supply. A high voltage of this order is essential for producing an intense 
electron beam over the screen of the picture tube. In addition to this 
high voltage power supply there is also a conventional rectifier power 
supply for applying voltages to the electrodes of the tubes and to the 
electron gun. These voltages are, of course, low and so named as low 
voltage power supply to distinguish it from the high voltage one. 

12.4 Colour Television 

In general, the principles of colour television are similar to that of 
black and white but in actual cases the designs and constructions are 
too complicated. In colour TV, the illuminated image is televised by 
using three separate cameras, each provided with an optical filter for 
transmitting a particular colour. The three colours, red, blue and green 
are used in practice as others can be obtained by their proper combina- 
tion. 

'The tricolour picture tube has three electron guns, one for each 
of the colour. The screen of the tube is made by a series of three dots 
of phosphor sensitive for the three colours, instead of а continuous 
layer. Between the electron guns and the screen a shadow mask is 
placed whose number of holes is equal to the number of group of dots. 
The guns are oriented in such a manner that their beams pass at slightly 
different angles through the same aperture of the mask at a time. 
These three are then incident simultaneously on red, green and blue 
dots on the screen accordingly as they are originated in the electron 
beams. This arrangement is shown in a simplified form in Fig. 12.7. 


Fig, 12.7 


If the distance of the picture screen is greater, the three dots cannot be 
differentiated individually rather it appears as a composition of three 
colours, 
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RADAR 
12.5 Introduction 

The term ‘Radar’ is the abbreviation of ‘Radio Detection And 
Ranging’. As the name implies, it detects objects and determine their 
direction and distance. Radar has wide applications in various fields. 
It was used originally during the second world war for early warning 
of approaching enemy planes. But soon the war time applications 
were extended to different fields like mapping of thunderstorms and 
other meteorological disturbances, studying the characteristics of 


moon, navigational helps, etc. Fire control radars, later developed, are 
now used in most military airplanes. 


12.6 Operation of Radar System 


A simplified block diagram of a Radar unit is shown in Fig. 12.8. 


It consists essentially (i) a powerful transmitter, (ii) a directional antenna, 
(iii) a sensitive receiver and (iv) а suitable indicator. 


Fig. 12.8 


The timer confirms that a single pulse from the modulator 
(pulser) goes to the transmitter which is a high power magnetron. The 
transmitter sends out VHF radio energy to the rotating antenna 
through a T-R switch called Transmit-Receive switch. The antenna 
sends out the radio energy into space wherefrom a weak echo may 
come back to the same antenna in case when the transmitted pulse 
hits an object. If the transmitted beam is reflected back from the centre 
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of the object, the echo signal becomes maximum. In actual case, this is 
done suitably by rotating the antenna used. The transmitted pulse is 
recorded visually from the indicator scale. 


The ‘fast-acting’ Т-К switch has automatically come to the 
‘Receive’ position by this time. The reflected weak pulse obtained by 
the T-R switch is amplified and detected from its RF carrier by using 
superheterodyne circuit. The amplified signal is then presented to the 
cathode ray indicator tube to disclose the intelligence it contains. 


If D be the distance of the object and c the velocity of the waves 
then the time ¢ required for the waves to return back to the base from 
an electrically conducting object is given by, 


pcm is (12.1) 


с 
The distance between the original and echo pulse can be read off 


directly in km giving the ‘range’ of the object while the direction of the 
antenna gives the ‘azimuth’ of it. 


Several methods can be applied for displaying the azimuth on the 
indicator. Out of which the plan position indicator, abbreviated as 
PPI, is considered to be the most useful one. 
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Read each of the following arid provide the appropriate words: 


(а) In practice, all the electrical impulses of the different picture elements arc 
picked up one after another and then transmitted rapidly through a single channel 
which is called TV —. 

(b) The method of linear — scanning is used widely now-a-days. 

(c) The entire picture is scanned about — times per second depending on the 
frequency of the power supply. 


(d) The modulated sound carrier has а maximum frequency deviation of 
— kHz. 


(c) In a colour TV the three colours —, — and — are used as others can be 
obtained by their proper combination. 
(f) The term ‘Radar’ is the abbreviation of — — and —, 


(в) The distance between the original and echo pulse can be read off directly 
in km giving the — of the object while the direction of the antenna gives the — 
of it. 


Review Questions 


1. With a suitable diagram explain briefly the plan of a television system. 


2. What is meant by TV scanning? Clearly explain the method of linear inter- 
laced scanning. Indicate how signals are transmitted in a TV. 


3. Discuss briefly about the receiving arrangement of a TV system. Give a block 
diagram. 


4. Write a note on colour television. 


5. Briefly discuss the operation of a Radar system. 


CHAPTER 13 
SEMICONDUCTORS 


13.1 Introduction 


Semiconductor is a solid whose resistivity lies between conductor 
and insulator. А conductor and an insulator are first distinguished 
by their extreme values of electrical conductivity. A conductor has 
a conductivity of 10* to 10° ohm™ cm™ while the conductivity of 
an insulator is less than. 10-9? ohm cm. Moreover, the conductivity 
of a conductor decreases with the increase of its temperature whereas 
that for an insulator increases slightly with increasing temperature. 
In addition to conductors and insulators, there is a class of solids 
with intermediate values of electrical conductivity in the range 10-9 
to 103 ohm-! сті and whose conductivity increases more strongly 
with increasing temperature. Such solids are called semiconductors. 


Transistors, metallic rectifiers, integrated circuits, junction diodes, 
zener diodes, tunnel diodes, etc. are examples of semiconductors. They 
are used widely in radio and TV receivers, in computers and in 
various electronic instruments. The controlling function of a vacuum 
tube is similar to that of a semiconductor but it is rapidly replacing 
vacuum tubes because of added advantages. Some of which are: 


(i) Semiconductor is solid. Therefore there is a little chance of 
vibration as in vacuum tube. 


(ii) Little power is required for a semiconductor and also it 
radiates less heat than in a tube. 


(ii) They do not need time for warm up and so operate immedia- 
tely with the application of power. 


(iv) A semiconductor does not undergo any chemical deteriora- 
tion which occurs in a tube cathode. 


(v) A semiconductor is small in size and light in weight. 


13.2 Current Carriers 


In vacuum tubes, negatively charged electrons are considered as 
the current ‘carriers’. In order to explain current flow in semi- 
conductor diodes and transistors this concept must be modified by the 
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"addition of positive charge carriers known as ‘holes’, which have mass, 
mobility and velocity. Current flow in semiconductors is thus carried 
on by the flow of both negative charges (free electrons) and positive 
charges (holes). Holes are usually attracted by free electrons and 
when they combine, the free electron ‘fills’ the hole neutralizing 
its charge. When this happens the hole and free electron both are lost 
as current carriers and form new current carrier at other points in the 
semiconductor. 


Impurity like arsenic or antimony (pentavalent atoms) increases 
the conductivity of silicon, which has four valence electrons in its 
outer shell, by increasing the number of negative charge carriers. 
Silicon which has been doped here with arsenic or antimony is desig- 
nated as ‘N-type’. Similarly impurity like indium or gallium (trivalent 
atoms) increases the conductivity of silicon by increasing the number 
of positive charge carriers. For this reason, silicon which has been 
doped with indium or gallium is called ‘P-type’. Current flow in 
N-type and P-type silicon is carried on by ‘free electrons’ and ‘holes? 
respectively and these are known as majority carriers. Some holes, 
however, exist in JV-type silicon and some free electrons in P-type. 
But these are in the minority and are therefore called minority carriers, 


By applying an external batery voltage V44 across the semi- 
conductor, as shown in Fig 13.1, one can easily control the movement 


Fig. 13.1 


of current carriers, In the P-type silicon holes are repelled by the 
positive terminal of the battery and move toward the negative termi- 
nal. While free electrons from the negative terminal move toward 
the hole. Thus a combination of the two takes place continuously and 
the flow of current is maintained in the external circuit. 
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13.3 Operation of Junction Diode 


When P-type and N-type silicon are joined together a junction diode 
is formed. The diode thus created (Fig. 18.2) has a characteristic to 


Fig. 13.2 


pass current in one direction readily but not in the other. This unique 
characteristic may be explained by considering the theory of negative 
and positive carriers. 


In Fig. 13.3, the P- junction has been connected with the battery 
V44 as shown. Free electrons from the negative terminal of V44 enter 


h e 


* i 
Vaa 
Fig. 13.3 


—®— 


the N-type silicon and repel the free electrons therein. Similarly, the 
holes in’ the P-type silicon are repelled by the positive battery terminal 
and thereby move toward the P-JV junction where a combination of 
free electrons and holes takes place. Although there is usually a poten- 
tial barrier in the diode that prevents electrons and holes to combine, 
under the influence of the electric field of the battery the holes move 
to the right and the electrons to the left. At such times a covalent bond 
near the positive terminal of the battery breaks down causing an 
electron to liberate and enter the positive terminal. As a consequence, 
a new hole is further created which moves to the right toward the P-V 
junction. The process js a continuous one and so a current flow is 
maintained in the circuit. If the value of V4, is increased, the current 
flow in the diode also increases. А diode connected in such a fashion 


with positive battery terminal to the P-type and negative battery 
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terminal to the N-type is called ‘forward bias and the diode is said 
to have a low forward resistance. 


If the polarities of the battery V44 are reversed, as shown in 
Fig. 13.4, no combination of free electrons and holes"takes place. 


As a matter of fact, majority carriers in the diode do not support any 
current flow. Only due to minority carriers, in this reverse-bias condi- 
tion, there is a minute flow of current in the diode. 


The circuit symbol of a semiconductor diode is shown in Fig. 13.5. 
The terminal marked cathode is connected to N-type material while 


Anode ` Cathode 


Fig. 13.5 


that marked anode is connected to P-type. It may be noted therefore 
that to flow current in this diode, i.e. to make a forward-bias arrange- 
ment the negative terminal of the battery must be connected to the 
cathode and the positive to the anode. 


13.3.1 Characteristic Curve 


'The characteristic curve of a diode shows how current varies 
with the voltage applied across it. This is experimentally obtained by 
varying the voltage in steps and noting the corresponding current. 
A graph is then drawn by plotting current versus voltage as shown in 
Fig. 13.6. It is to be noted from the figure that when the voltage 
applied is low, very little current flows in the diode but after a certain 
level is reached, slight increase of the applied voltage causes a large 
increase of current in the diode, 
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I in. mA 


V in volts— 
Fig. 13.6 


13.4 Zener Diode 


We have seen that a junction diode is operated suitably by using 


forward-bias arrangement. In zener diode, its unique reverse-bias 
characteristic provides some important different applications from 
those of the crystal diode. A zener diode can be represented symbo- 


lically as shown in Fig. 13.7. 


Anode i f Cathode 


Fig. 13.7 


Fig. 13.8 shows the nature of current-voltage characteristic of the 


V(mV 
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Fig. 13.8 
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zener diode. When the diode is operated under forward-bias condi- 
ton, it behaves like a closed switch and then with an increase in 
applied voltage the forward current increases. But when the diode is 
reverse-biased a small reverse current, called saturation current Is, 
begins to flow which is found to be fairly constant until the zener 
breakdown region, in the vicinity of the zener voltage Vz is attained. 
In this vicinity the reverse current increases sharply to a high value. 
"This sudden increase in current is known as zener current or avalanche 
effect. In this region since a small voltage change alters the current 


considerably the effective resistance in the P-JV junction also changes 
dramatically. 


Manufacturers supply a specification sheet for each type of zener 
diode. The breakdown voltage in a diode mainly depends on the 
material used in its construction. 


13.4.1 Applications 


Zener diode is used conveniently as a regulator in power supply. 
A zener regulator circuit for explanation is shown in Fig. 13.9 In the 


R Ir 


v 


Fig. 13.9 


circuit the input is a d.c. voltage whose voltage variations are to be 
regulated. The input voltage is obtained from the output of a power 
supply. Across the input voltage the anode of the diode is connected 
to the negative point and the cathode to the positive. That is the zener 
is reverse-connected. If the input voltage Vin is greater than the zener 
breakdown voltage Vz (i.e, Vin>Vz), it conducts and draws a rela- 
tively large zener current through the series resistance Rs. Across the 
output there is a load resistor Rz, as shown, so that the total current 
through Rs is the sum of the zener diode and the load currents. If 
the input voltage is increased the current through both the zener 
diode and the load will also increase. The zener diode resistance, 
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however, decreases simultaneously causing an increase of the voltage 
drop across Rs. As a result, across the zener regulator a substantially 
constant output voltage is obtained within a fraction of a volt even 
when the input voltage is varied over a range of several volts. 

In order to analyse the circuit to Fig 13.9 which contains linear 
(résistors) and nonlinear (zener diode) elements apply Ohm's and 
Kirchhoff's laws. 

Let us consider the operation of the circuit when the voltage 
source V44 is constant but the load current J; varies. Let a constant 
output voltage Vout is required across the load. The two currents, 
Iz=Vou|Rz (Re=zener resistance) and Л, =Гош/Рь combine to 
form the total current Zr. Thus we can write, 


Ip—l; obo (13.1) 
The voltage across Rs is equal to the product of Ir and Rs. 
Des Vr, =1т X Rs de (13.2) 
But, Vaa =VRr ош n (13.3) 


So if V44 remains constant and it is necessary that Vout remains cons- 
tant then Vr, must also remains constant. Therefore the total current 
flowing in the circuit Ir must remain fixed despite variations in load 
current. This is accomplished only by compensating changes in Jz 


where, 
I[;—Ip—lr foo (13.4) 


supposing Ty is a constant and 7; can vary. 

If the regulator circuit is properly designed, the increased voltage 
across Rs, AVR,» should be approximately equal to the increased 
supply voltage AV44 and Vout would drop back to its original value. 
Similarly, a decrease in V44, would result in a decrease in Jz and hence 
in Ir. З 

In addition to the regulator diode described above, there are 
also voltage reference diodes whose zener voltage is so stable that it 


can be used as а laboratory standard or as a reference volage. 


13.5 Tunnel Diode 


We know that the characteristics of a solid-state diode depend on 


the semiconductor material from which the diode is manufactured 
d also on the nature and extent of doping of this material. A tunnel 
A 1 i s 1 Dac 
а РХ junction device with а high concentration of impurities 
1ode 15 ex : 
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in its semiconductor elements. Due to the large number of impurities, 
the space charge region at the junction is very thin and as a result 
electrical charges move easily through it. This process i$ called *tun- 
nelling’. The symbol of a tunnel diode is shown in Fig. 13.10. 


Anode ` j Cathode 


Fig. 13.10 


A tunnel diode conducts well for both forward and reverse- 
biased. However, the importance of the diode stems from the unique- 
ness of its forward voltampere characteristics. Fig. 13.11 shows a typical 


1(тА) 


Forward bias 
Fig. 13.11 


characteristic curve of the diode. As the forward bias is increased from 
zero to the value Vy, current increases to a value 1м. With further 
increase of forward bias from Vy to Vy, current decreases from Ім 
to Jy (valley current). As forward bias increases beyond Vy, current 
begins to rise again. The area of the voltampere characteristic bet- 
ween Vm and V, is known as the negative resistance region of the 
diode because of unique decrease of the diode current. It is interesting 
to note that as the forward voltage across the diode increases to Vem, 
the normal diode current occupies the same level as the tunnel current 
previously reached at Гм. The voltage Vrm is sometimes termed as 
the ‘forward voltage’ of the diode. The unique portion from Гм to Vy 
of the tunnel diode’s characteristics is of particular importance to 
circuit designers. 


A tunnel diode has applications as an amplifier, oscillator, or 
switching element. These are, in fact, the advantages over а con- 
yentional diode which cannot act for such purposes. 
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Self-Test è 
Read each of the following and provide the appropriate words: 
(a) The electrical conductivity of semiconductors are in the range of — to — 
ohm-! стт. 
(b) Germanium and silicon in their pure form are —. (conductors/insulators) 


(c) Silicon when doped with indium forms — semiconductor. 


(d) To forward bias a junction diode the — terminal of a battery is connected 
to. P-type diode and the — terminal to the N-type diode. 


(е) The forward resistance of a silicon diode is — and the reverse resistance 


(f) When used as a voltage regulator a zener diode must be — biased. 


(g) A tunnel diode is a Р-У junction device with a high concentration of 


impurities in its semiconductor elements. (True/False) 


(h) A tunnel diode will not pass current when it is reverse biased. (True/False) 


Review Questions 

1, What are the advantages of a semiconductor over a vacuum tube? 

2. How can a semiconductor be identified from a conductor and an insulator? 

3. What is meant by current carriers? Explain how P- and N-type semiconduc- 
tors are formed. 

4. Describe with a circuit diagram the operation of a junction diode. 

5. What do you mean by ‘forward-bias’ and ‘reverse-bias’ arrangements? 

6. Explain with necessary diagrams the characteristic curves of a junction 
diode, zener diode and a tunnel diode. 


7. Briefly describe the applications of a zener diode and a tunnel diode. 


СНАРТЕК 14 


TRANSISTORS 

14.1 Introduction 

Scientific interest in semiconductor devices led to the discovery of 
the transistor. In 1948 Bardeen and Brattain while working at the Bell 
Telephone Laboratories announced the development of the first 
transistor. One of the great advantages of a transistor over a vacuum 
tube is that it is small in size and it does not require any filament 
power. The supply voltage of a transistor is also very low and it operates 


as soon as power is applied. In addition, the circuit connection of a 
transistor is very simple than that of a tube. 


14.2 Classification 


"Transistors are of many types which may be broadly classified as 
follows: 


(i) Depending on the basic materials from which they are formed. 


In this category we have silicon and germanium transistors. Now-a-days 
most transistors are of silicon type. 


(ii) Depending on the number of elements used. Here we have triode 
or three-element transistor and the tetrode or four-element transistor- 


(iti) Depending on the ability to dissipate power. Here we have # 


wide range from low power (below 50 mW) to high power (2 W and 
above) type. 


(iv) Depending on the process of construction. In this category We 


have various junction transistors such as grown junction, alloy junc- 
В d > 

tion, mesa, epitaxial mesa, planar transistors, drift-field and point- 
contact transistors. 


Transistors are of different in sizes and shapes. There are varia- 
tions also in the manner of mounting and in the basing arrangements. 


Some transistors are socket mounted while others have flexible leads 
for directly soldering in a circuit. 


14.3 Junction Transistor 


now widely used, 
«action 
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transistor formed by sandwiching a thin JV-type layer between two 
P-type layers is illustrated in Fig. 14.1. Such a transistoris called a Р-М№Р 
junction transistor or in short a P-JV-P transistor. If, alternately, there 
are two JV-type layers on either side of a P-type layer it is called 
N-P-N transistor. 

Of the two P-N junctions one is forward biased while the other 
is reverse biased, ie. the P-layer is connected respectively with the 
positive and negative terminals. There are three leads from individual 
metallic plates which make contact with the respective crystals. 
Referring to Fig. 14.1. The №Јауег in the middle is called the ‘base’, 


Fig. 14.1 


the forward biased P-layer on the left is the ‘emitter’ while the reverse 
biased P-layer on the right is the ‘collector’. 


14.4 Transistor Symbols 
Internationally used symbols for P-JV-P and N-P-N transistors are 
shown in Figs. 14.2(a) and 14.2(b) respectively. These symbols are 


E С Е С 


B 


(a) (b) 


Fig. 14.2 


required for representing transistors in electronic circuits. In the figure, 
the element with the arrow head is the emitter and its symmetrical 
counterpart is the collector. Of the ise leads, the third one is called 
base. In a P-N-P transistor the emitter arrow points to the base while 
in the N-P-N type the arrow points away пш the pase: The significance 

is that it indicates the direction of emitter current flow, 
of the arrow 15 on of electron flow, under forward biased 
i.e. opposite to the direction 


conditions. 
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The emitter, base and collector leads of a transistor can be con- 
veniently identified by the following two ways: 


(i) The central lead corresponds to the base. The spacing 
between the emitter lead and the base lead is less than the spacing 
between the base lead and the collector lead. 


(ii) If the leads.are along the circumference of a circle then the 
centre one is called base. The emitter and the collector leads are then 
identified by reading clockwise from the base. In such reading first 
comes the collector and then the emitter. 


'The above two methods of identification of transistor leads are 
shown symbolically in Figs. 14.2(c) and 14.2(d) respectively. The 


0 анто 
Collector 


Fig. 14.2 


collector lead сап also be identified by a dot which is pointed on the 
body of the transistor close to the collector. 


According to the sign conventions, a current flowing into a tran- 
sistor through any terminal is considered positive while a current 
coming out of it is considered negative. Thus in a P-N-P transistor, the 
emitter voltage and the current are positive while the collector voltage 


and the current are negative. In an JV-P- transistor the signs аге 
obviously just opposite. 


14.5 Manufacturing Methods 

For the manufacture of transistors both germanium and silicon are 
found to be suitable. However, the germanium is limited to a tem- 
,perature of about 85°C while silicon is capable of operating to 200°C, 
Several methods are employed for the manufacture of junction tran- 
sistors, depending mainly on the fabrication processes of the P-W junc- 
tion. Two such methods are briefly discussed below. 


(a) Alloy or fusion method—In this method for producing а P-N-P 
transistor two small pellets of indium of slightly different diameters are 
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placed on either side of a wafer of N-type germanium, say, with the 
help of a suitable jig. This assembly is heated for a few minutes at a 
temperature of about 600°C as a result of which indium melts and 
combines with the germanium. After taking out from the furnace three 
wires are soldered for the emitter, base and the collector leads. The 
larger P-layer forms the collector while the smaller one is the emitter 
of a transistor. 

An N-P-N transistor can also be made by a similar process using 
P-type germanium wafer and taking arsenic or antimony in place of 
indium. 

Since here the P-V junction is produced by alloying or fusion the 
transistors so formed are known as alloyed or fused junction transistors. 


(b) Grown junction method—The grown P-N-P junction is made 
by adding appropriate acceptor and donar impurities alternately to a 
molten bath of a semiconductor material. The growth process is re- 
peated at a regular interval of time and pulling the crystal simul- 
taneously. The crystal is then cut into pieces parallel to the junction 
and this is subsequently diced. Transistors so produced are called grown 


junction transistors. 


14.6 Circuit Configurations 

As discussed earlier, a transistor has three internal electrodes 
known as emitter, base and collector. If it is to be used to study as a 
four-terminal device, two for the input and two for the output, then 
one electrode must be kept common. Accordingly there are three 
possible circuit arrangements. These are: (i) the common emitter, 
(ii) the common base and (iii) the common collector circuits. Instead 
of the term ‘common’, sometimes the word ‘grounded’ is also used, 
such as grounded emitter, etc. The three circuit configurations are 
illustrated in Figs. 14.3(a), (b) and (c) respectively. When a transistor 


t Input Output Input Output 


a (b) (с) 


Tnput 


Fig. 14.3 


is used in common emitter configuration, the input signal is applied 
between base and emitter while the output is obtained from the 
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collector to emitter. The emitter in such a case is thus common to both 
the input and the output circuits and hence the name common emitter. 
Similarly in a common base or in a common collector circuit the 
base or the collector serves as a common reference for both the input 
and output signal. The common emitter is, however, most frequently 


used as it provides suitable voltage, current and power gain in different 
electronic circuits. . 


14.7 Current Gain 

Ina common base circuit the collector current is controlled by the 
variations of emitter current. This gives one important control charac- 
teristic of a transistor designated by a, where a is defined as the ratio 
of the change in collector current (АЛ) to the change in emitter 
current (A7g) when the collector voltage (Vcg) is maintained at a 
constant value. Mathematically, this can be expressed as, 


|i (14.1) 


Vcg —constant 
a is also sometimes designated by the letters hyp and is called the 
forward-current-transfer ratio. In a common-base 
since the collector current is slightly less than the с 
a will be slightly less than unity. 


arrangement, 
mitter current, 


In a common emitter circuit, the input signal is applied to the base, 
This gives another important control characteristic designated by В, 
where В is defined as the ratio of the change in collector current 
(Alc) to the change in base current (A75) when the collector voltage 
(Иск) is kept constant. Mathematically, this can be expressed as, 

g- (As 
Als! усе —constant. ш) 
В is also sometimes designated by the letters hfe and it is the current 
amplification factor in a common emitter amplifier, Since small changes 
in base current produce large changes in collector current, the value of 
B will be always greater than unity. 


14.7.1 Relation Between a and В 


The relationship between currents in the elements of a transistor 
is expressed as, 


Ig—lI +o (14.3) 


Now we know that for a small change in emitter current AT; 
Я 
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there is a corresponding change in base current ЛГ» and in collector 
current AZo. Thus, 


Alp=AlI, +Alg 
ог, AIz=AI;—AI, s (14.4) 
Therefore, 
АГ А1, 
Ав Alg—AlIg 
__А АЕ 
PEATE a (14.5) 
Мк 


As [defined, when Vog is constant the ratio АЛ/АТь equals a 
and when Vo, is constant the ratio A/5/AIg equals В. So for constant 
V, p and constant Vcg we may write equation (14.5) as, 


pm Ж (148) 
or, т й 


It is clear that as a approaches towards unity, B becomes in- 
creasingly larger. For a transistor whose a is 0.98, 8 becomes 49 while 
an a of 0.99 gives В of 99. So during experiment a must be measured 
very accurately to avoid formula error in В. 


14.8 Static Characteristics with Common Base Configuration 

The performance of transistors are determined by studying the 
characteristic curves of their voltage and current relations just as for 
electron valves. The circuit diagram for studying the characteristcs 
under common base configurations of a Р-Л-Р junction transistor is 
shown in Fig. 14.4. 
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(a) Input Characteristics—The curve obtained by plotting 
emitter current (Ig) against the emitter voltage (Vgg) keeping the 
collector voltage (Vcg) as parameter is called the input characteristic 
of a transistor. Typical input characteristic of a transistor is shown in 
Fig. 14.5. The figure shows that the emitter current increases exponen- 
tially with the emitter voltage and that a very small change in emitter 


Te in mA —> 


Veg in Volts —> _ 
Fig. 14.5 


voltage produces a large flow of emitter current. Different curves may 
be similarly drawn by plotting Ig against Vgg with a constant 
collector voltage Vcg for each curve. 


The slope of the curve for a fixed collector voltage is then consi- 
dered to get the input resistance at the point. On the input charac- 
teristic of a transistor the collector voltage has very little influence. 


(b) Output Characteristics—The curve obtained on plotting 
collector current (Ig) against the collector voltage (Vcg) keeping the 
emitter current (Ip) as parameter is called the output characteristics 
of a transistor. Typical characteristic curves such obtained is shown in 
Fig. 14.6. The figure shows that there exists a well-defined knee above 
which the collector current is almost independent of the collector 
voltage. This happens because as soon as the collector voltage (Иов) 
becomes large enough to collect all the carriers coming to the C-B 
junction, there is no possibility of further increasing the collector 
current. Since in the (/,-Исв) curves a very large change in the 
collector voltage makes only a tiny change in the collector current, the 
output resistance of the transistor which is nothing but the ratio of 
voltage to current change becomes very high. 
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It is to be noted here that even for zero collector voltage we may 
draw the output characteristic of a transistor as then also the collector 


Te=1.5mA 
Ig=1.0mA 
Igz0.5mA 


Ic in mA 


*Vcg —\єв in Volts 
Fig. 14.6 


currents are present corresponding to different emitter currents. As the 
emitter and collector regions in a transistor are very close to each 
other, holes injected at the emitter are received by the collector even 
for a zero collector voltage. 


(c) Transfer Characteristics—The curve obtained on plottin 
collector current (Io) against the emitter current (Ig) keeping ae 
collector voltage (Von) constant is called the transfer characteristic of a 
transistor. Typical transfer characteristic of a transistor is shown in 
Fig. 14.7. The figure shows that the characteristic is almost linear. 


бу 
we 
Ae 


Icin maà——- 


Ig in mA——7 


Fig. 14.7 


It is seen experimentally that the value of Ig is always slightly less than 
the value of J. The slope obtained by considering the curve obviously 
provides the current amplification factor (a). 


14 [ELECTRONICS] 


210 FUNDAMENTALS OF ELECTRONICS 


14.9 Static Characteristics with Common Emitter Configura- 


tion 


Transistors are frequently operated under common emitter con- 


figuration and so the current voltage characteristics for this configura- 
tion are of interest. 


The circuit diagram for determining the static characteristics under 
common emitter configuration ofa P-N-P junction transistor is shown in 
Fig 14.8. It is seen that a forward bias is applied to the emitter junc- 
tion while a reverse bias to the. collector junction; 


Fig. 14.8 


(a) Input Characteristics—Values of base current (Ip) is plotted 


against base to emitter voltage (Vg) for a fixed Vor. The nature of 
the curves obtained for different sets of. Fg is shown in Fig. 14.9, 


Ig in mA ——- 


Veg in volts ——> 
Fig. 14.9 


(b) Output Characteristics —Values of collector current (Т) is 
plotted against collector to emitter voltage (Vox) for a fixed Ig. The 
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nature of the curves obtained for different sets of Iş is shown in Fig. 
14.10. It is seen that the slope obtained for the present case is йс, 


Ic in mA—- 


Vcg іп volts ——» 


Fig. 14.10 


higher than that we get by-considering Fig; 14.6, suggesting that the 
output resistance of a transistor is less, i.e., the current gain is greater 
for common emitter configuration than that for common base. 

(c) Transfer Characteristics—Values of collector current (Ig) is 
plotted against the base current (Ig). The characteristic is shown in 
Fig. 14.11. 


КА 


Ic in тА —> 


Ig in pA—> 
Fig. 1411 

14.10 Biasing Methods 

Ву the term biasing of a transistor we mean application of an 

appropriate current to'its base terminal, This is similar to the applica- 

tion of a voltage to the grid terminal of a valve. The following is the 

main features of a good biasing system. 

(i) The bias related to the emitter base and the collector base 
junctions should be provided by one battery. 

- (ii). The gain of the transistor should not be influenced by 


negative feedback. 
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(iii) The desired operating point must be stable irrespective of 
change in temperature. 
The biasing arrangement for a transistor amplifier operated under 


common emitter configuration is shown in Fig. 14.12. The biasing 
circuit agrees well all the necessary conditions and hence it is almost 


Fig. 14.12 


universally used. In the figure a common power supply Vog has been 
used so that both the base and the collector terminals receive a d.c. 
negative voltage with respect to the emitter, Resistors R) and R, 
constitute a voltage divider on the base while Ry serves the purpose 
of a load resistance. To stabilize the amplifier and to protect the 
transistor against runaway a form of compensation is required to 
use, known as ‘bias stabilization’. The effect of the resistor Rp con- 
nected to the emitter leg is to compensate any slight increase in collec- 
tor current due to the variation of transistor characteristics, 
an increase in collector current causes an increased voltage drop 
across Rg. This voltage is in opposition to the forward bias in the base- 
emitter circuit and hence reduces the base current which in turn 
reduces the collector current. Ёк is thus utilized for balancing the 
tendency of the collector current to increase in value by providing 
negative d.c. feedback. In a circuit the values of Rp and R г аге chosen 
simply by considering the supply voltage and the required operating 
point. 


In fact, 


There are three capacitors C;, C; and C, in the circuit. The func- 
tion of C, is to couple the input signal to the amplifier while C, is used 
to couple the amplifier output to the next amplifying stage. Of interest 
is the third capacitor C; which is connected in parallel with the emitter 
resistor Ёк. If an a.c. signal is applied to the base of the transistor and 


the capacitor C, is connected across Rp then it provides another path 
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for the a.c. signal current. If the capacitive reactance of Сз becomes 
sufficiently low then it acts as a low impedance path. Сз thus serves as 
an effective bypass for a.c. signal. In absence of C, the gain of the 
amplifier is considerably reduced due to negative feedback effect. 


14.11 Equivalent Circuit 

To analyse the performance of transistors, they are conveniently 
represented by an equivalent circuit. The three sets of parameters 
used to analyse transistor circuits are: (a) impedance parameters 
(Z-parameters), (b) admittance parameters (Y-parameters), and 
(c) hybrid parameters (h-parameters). Of these the equivalent circuit 
using A-parameters is considered most useful because of the following 
advantages: 

(i) The A-parameters are the easiest to measure. 

(ii) The -parameters are more independent of each other and 
other variables like operating point, frequency etc. 

(iii) The values of -parameters nearly correspond to actual values 
of input and output impedances and current gain for most of the 
applications. 

Although different equivalent circuits exist for a transistor, one 
parameters of one circuit to other by using some 


may convert the 
s. Here we consider only the equivalent circuit 


conversion relation 
by the use of hybrid parameters. 

Let i; ig, v; and v denote the total instantaneous values of currents 
and voltages. Then the functional relationships between them for 
ase of hybrid parameters are written in the form, 


the c: 
n =fi (ix 0) a (148) 
ifa (i, д) hae (14.9) 
From equations (14.8) and (14.9) we get, 
BIA GA 

da- (s dala) do; Мт) 

p= (Sa) ai 25a 14.11 
(а p e (1411) 


The variational components diy, dig, dv, and dv, may be denoted 
by Д, I» V; and V; respectively, where J, and Y, are the input current 
and voltage of a four pole transistor treating as a ‘black box’ and I, 
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V; are the corresponding output values as shown in Fig. 14.13. Equa- 
tions (14.10) and (14.11) can now be written in the form, : 


Vil J -Haa Vs e (14.12) 
= I, -Hha Vs й Тал) 
I, To 
ү Four pole” ү 
|е 
Fig. 14.13 
In equations (14.12) and (14.13) the h-parameters are defined as, 
hs [HI =input impedance with output short 
Шу 0 > circuited: 
ha Hs | —reverse voltage transfer ratio with 
al 1-0. input open circuited, à 
рї абор АШ); 
Кал —forward current transfer ratio with 


V,—0 ` output short circuited, 


1 hgg — Me | =output admittance with input open 
Val 1,0 “circuited, 

It is‘seen from above that two of the parameters hy. and hy, are 
dimensionless while the other two hıı and hy, have dimensions of impe- 
dance and admittance respectively. It may also be noted that out of 
the four parameters two are measured with output short circuited and 


two with input open circuited. That is why these are called hybrid or 
h-parameters. 


14.11.1 Performance of Transistor Amplifiers 

Depending on the mode of operation, 
divided into three groups. These are (i) co 
emitter and (iii) 


transistor amplifiers are 
mmon base, (ii) common 
common collector amplifiers. To obtain expressions 
for various electrical characteristics of a transist 


or such as impe- 
dance, gain, 


etc. we first consider the case of common base con- 
figuration since it gives best illustration of how a transistor works, 


The circuit diagram of a common base transistor amplifier is 
shown in Fig. 14.14(a) while its equivalent circuit using the A-para- 
meters is shown in Fig. 14.14(b). 
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(а) 
Fig. 14.14 


Equating the sum of the voltage drops of the mesh ABCD, we have, 


V; = һаг e. (14.14) 
Again, for the output side since the sum of the currents leaving 


the nodal point JV are equal to zero, we have, 


Onh Haa E (where, A; is the load resistor) 
L 


1 
Shali + [toa - | Vs E А 
hor +l atz) 2 (14.15) 
From equations (14.14) and (14.15) solving for 7, by the use 


of determinant we get 


Y Ins i 
0 һар. 
ря Is 

1 

ha haty- 

L 

1 

M V (c) 

1 

h ( mA 
11 22 Р, 12 1 
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f. V, (Ios Rp 4-1) 
In (Assez +1) — Isl 


RE Gud) 
(СРЯ әһә) ES 


Vise Rz +1) (285, Ја 
RRR, Hu, (Wheres Аль аа) M. 


(i) Input Impedance 
The input impedance Rin is now obtained from equation (14.16) as, 
а певен + (14,17) 
Equation (14.17) shows that, 
when Ё„=0, 
Rin=hy, the short circuit input impedance. 

With the increase of Rz, Rin also increases as hj is negative in 
nature and attains a value of 1, —h; ha, | ha for Rz =оо. Thus we see 
that the input impedance of a transistor varies significantly with the 
variation of Rz. 

(ii) Output Impedance 
To get an expression for the output impedance, the equivalent 


circuit of Fig. 14.15 is used. The mesh equation of the loop ABCD 
is written as, 


0 —(Rs thy), Ius, + (14.18) 
and the current J, can be expressed as, 
= "Fog V; 


К (14.19) 
From equations (14.18) and (14.19) solving for У, we find 


Я 


Rsthy, 0 
As In h 
Rsthy he 
Ano du, 
==. (Rs +h) 


5 "nas 
(Rs һа) hysho, 


(+), 
Rh. ES [A ы —hysho,)] 
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So the output impedance Rou is given by, 


ji A Rs+h 
R Са ace 
| out = pia EAR s. (14.20) 


Equation (14.20) shows that, 
when Rs=0, 
| Кош = 
With the increase of Rs, Row also increases and attains a value of 
1 [hog for Rs=00. Thus Rout varies considerably with the variation of 
Rs. 


(iii) Gain 
To find the voltage gain of the transistor, let us first calculate 
t voltage V2 by considering equations (14.14) and (14.15). 


the outpu 
We may write, 
hy ча 
ћу 0 
Vy— 
hy hy 


1 
h ht — 
21 aT m. 


E catalan. 
hal hate) зол 


PN Vilis, 
Rp Ah Ea 


; V, ha R. 
herefore, voltage ain 4j——2—— 21b T ; 
Therefore ge g "—y, RLA thn (14.21) 


To get an expression for current gain we just note from 


Fig. 14.14(b) that, 
Ё„=—1,В 


and hence substituting in equation (14.15) we have, 
і O= hth (+) 
Ry 


=h; — (Is Rz +1) 
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or, (ss Rp --1) I hs T, 
RAE e ven a 14.22) 
"Therefore, current gain d түт ( 


We can now calculate the power gain (Ap) as, 
Ap eb xAi 


Substituting the values of A, and А; from equations (14.21) and 
(14.22) we get, 


m M 
a (RLA Eas) (1 FhaRz) 


E hii Ry 
(Rz A^ Es) (1) 


(14.23) 


The condition for maximum power gain can be obtained by 
differentiating the expression for 4p with respect to R and then equat- 
ing it to zero. 


14.11.2 Relation between the three Modes of Operation 


The electrical parameters for both the common emitter and the 
common collector modes can be found by using the same expressions 
as obtained for the common base. In general, the transistor manu- 
facturers specify the hybrid parameters only in the common base mode 
of operation (usually designated in terms of ho). Thus in order to 
obtain values of impedances and gain in equations (14.17), (14.20), 
(14.21), (14.22) and (14.23) we may write, 


T; =, short circuit input impedance in c.b. mode, 
I3 —hry, open circuit reverse voltage transfer ratio in c.b. mode, 


ha hyp, short circuit forward current transfer ratio in c.b. mode, 


liy —hop, open circuit output admittance in c.b. mode. 


For the common emitter (с.е.) amplifier h, Iya, hg, and А, can 
be replaced by hie, hye, hr; and hoe while for the common collector 
(c.c.) amplifier these can again be replaced by hie, h 
respectively. Since the h parameters for с.с. and с.с. 
generally specified by the manufacturers, 
the following relations: 


res hfe and hoc 
modes are not 
these are obtained by using 
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hi 
hie= ib 
9 lp 
sí hib hoo h» 
ТРЕТИ 
M. T 2. (14:24) 
1 +hro 


с с. 

1+/yo 

еВ 
нот руе ; 
hio h 

hre=1 10-70 Ee 
re I Ep rb | 
(14.25) 


1 
дез 1 hro 


hov 


б=т hro 


14.11.3 Comparison of c.b., с.е. and c.c. Amplifiers 


It is seen that the equations for transistor performance can be 
applied suitably to all the three categories of transistor amplifiers; 
only the values of the parameters are to be changed depending on the 
circuit chosen. Equivalent circuits for common base, common emitter 
and common collector amplifiers with different A-parameter values 
are shown in Figs. 14.16(a), (b) and (c) respectively. Considering the 


Fig. 14.16 
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mathematical relations we may draw the following conclusions given 
їп Table 14.1 regarding the relative performance characteristics of the 
‘three modes of operation. 


TABLE 14.1 
Characteristics c.b. cel T сс. 
Impedance 
Input lowest intermediate highest 
Output highest intermediate lowest 
Gain 
Voltage same as in same as in «1 
c.c. mode c.b. mode 
Current <1 21 21 
Power highest 


Out of the three, the common emitter amplifiers are most efficient 
and flexible in character and so they are frequently used while the 
other two types have applications only for specialized cases, such as 
for impedance matching or as a buffer stage. 


14.12 Gomparison between Vacuum Triode and Transistor 


This comparison can be done by considering the following points: 

() The cathode, grid and the plate terminals of a vacuum 

triode have similar functions as the emitter, base and collector termi- 
nals of a transistor. 


(ii) A triode can be operated in a common cathode, common 
grid and common plate circuits just as a transistor is worked in a 
common emitter, common base and common collector configurations. 


However, a close examination reveals that the characteristics of a 
vacuum tube differ from those of a transistor in several respects, 


(i) The grid of a vacuum tube is biased negatively and the 
plate positively while the base of a transistor is forward biased and the 
collector reverse biased. 


(iv) The input impedance of a triode is much higher and the 
output impedance much lower in comparison to a transistor. Due to 
high input impedance a tube is voltage driven while because of its low 
input impedance a transistor must be current driven. 
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Examples 


’ 1. In a common base configuration with a base current of 0.05 m amps, the- 
emitter current is 1 m amps. Calculate the value of the collector current. 


we have, І-=16+10 
Here, 75 —0.05 m amps, Ig=1 m amps 
7. the collector current, Ig =Ig—Ig 
=0.95 m amps, 
2. Current amplification factor of a common base configuration is 0.88. Find! 


the value of the base current, when the emitter current is 1 m amps. 


If only d.c. values are considered then, а=10 
Е 


Неге, a=/2=0.88 
15 


апі 1=1 т amps. 
ES I, =0.88 x1 =0.88 m amps. 


Now using the relation, 
Ip=Ipt+lq 
We get, 1ӊ=1к—1а 
=1—0.88=0.12 m amps. 


the voltage drop across a 2.2 K. resistor 
late the value of the base current. 
(given a=0.9): 


3. In a common base configuration, 
which is connected in the collector is 2.2 V. Calcul 


We have. lo ==! m amps 


and а= 16-05. 


E 

dn 

а 

1 

0.9 

cul 
Using the relation, 

Ip=Iptlq 

We have, Ip=Ip—Ig 

=11—1 


=0.1 m amps. 
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4. A transistor having Aj;—1100 ohms, hye=2.5x10-*, hyg=50 апа hgg=25 
micromhos is connected as а common emitter amplifier with the load resistance 
R ;,=1000 ohms, Calculate the current gain and the input impedance. 


Here, hie=1100 ohms=hy, 5 
hge=20X105* hig 
һуе=50=һ»\ › 
hoe=25 micromhos 

=25x 1078 mhos—/i,, , 
and Кү =1000 ohms. 


Now, current gain 
Aj= hor 
ЋЕ, 1 
3 50 
© 25x10-5 x10341 
_ 50 
1.025 


Input impedance, 


where Afi—h diss а hor 
—1100x 25 x 10-6 —2.5 x 10-4 x 50 


=150x10 


B R; _150x10— x 103+1100 
* SS 
1.025 


=—=1088 ohms. 
1.025 


5. A junction transistor has the following specifications: hip-:40 ohms, 
һ=4х10—4, hyp =—0.98 and 455—10-9 mhos. Calculate the maximum available 
power gain of the transistor, 

The power gain, 

(Ry АА, 1) (1+5) 
Ln 


(л +7) (Lgs) 
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For maximum power gain we differentiate Ар with respect to R, and equate 
the result to zero. Thus, 


Ap _ =, (АЛА МР) Воз (1-Р), в? 0 
dR; ГОЛА, Rz) (04-455 Rz)]? 


h kan Aaah 
htu) к „Ма ea 
mo (анаша н 
h 
or, R22. 
Я тда 
So the maximum power gain, 
4 = ЛА EH 12 
Tmaz | LES h. 1 
m 2) р (GE 1] 
[^ us hir VAL ha, P 


LER (Ah)112 
(АРДА) H + (ty yhog) 109 ГО з) 2/2 + (Ad) 179] 
A в, | 
z ГОЛА) 30 4- (15, hog) 2/2)? 


In the given problem, 
hjy=40 оһтз=үү› 
liy 4 X 1073 —h,. , 
hyp=—0.98=hp , 


апа Ig 10-9 mhos=hgg. 
Here, Ahi— 1з айал 
—40 x 10754-4 x 101 x 0.98 
—432 x 10-5. 
(—0.98)? 


oe AD max таз 10-9) 184-040 x 10-9) 2/2 
=—1307 


So the maximum power gain is 1307. 
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Self-Test 


Read each of the following and provide the appropriate words: 


(a) In 1948, while working at the Bell Telephone Laboratories, — and — 
announced the development of the first transistor. 


(b) Transistors are formed usually by germanium and —. 
(c) A transistor has three internal electrodes known as —, — and —. 


(d) The common — is frequently used as it provides suitable voltage, current 
and power gain. 


(c) The curve obtained on plotting — against — keeping Vg, as parameter 
is called the input characteristic. 


(£) In transfer characteristics, values of — is plotted against —. 


(g) The three sets of parameters used to analyse transistor circuits are — 
parameters, — parameters and — parameters. 


(h) The input impedance of common — amplifier is lowest. 
(i) The power gain of common emitter amplifier is —. 
(i) The base of a transistor is — biased and the collector — biased. 


(k) The cathode, grid and plate of a triode have similar functions as the —, 
— and — terminals of a transistor. 


Review Questions 
1. What is a transistor? 
2. Classify the different types of transistors. 
3. Draw the symbols of P-.N-P and N-P-N transistors. 
4. Discuss how the leads of a transistor can be identified. 
5. Briefly discuss the manufacturing methods of transistors, 
6. Define a and f of a transistor. 
7. Show that B— ^. 
1—a 
8. Explain the different characteristics of a transistor under common base 
and common emitter configurations. 


9. What do you understand by transistor biasing. Explain the biasing arrange- 
ment for a transistor amplifier under common emitter configuration. 


10. Derive expressions for input impedance, output impedance, voltage gain 
and power gain of a common emitter transistor amplifier. 


11. Make a comparative study of common base, common emitter and common 
collector transistor amplifiers. 


12. Make a comparative study between a vacuum triode and a transistor. 


13. Determine the current amplification factor of a common base configuration 
when Ig—0.05 mamps апа J,=0.95 m amps. (Ans. 0.95) 


14. Fora transistor B—50 and I, —20 pA, find the value of Tp. (Ans. 1.02 m amps) 
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15, In a common base connection with a=0.92 the emitter current is 1 m amp. 
But if the emitter circuit is open the collector current shows 40 p amps. Calculate 


the total collector current. (Ans. 0.96 m amps) 
ransistor used as an amplifier in the c.e. con- 


16. The hybrid parameters of a ti 

figuration are: 4,4800 Q, 19746, lig 80 X 10-9 mhos and /45—5.4X 10-4. If the 
load resistance is 5 К.О and the effective source resistance 500 Q, calculate the voltage 
and current gains and the output resistance. (Ans. —231; 32.9; 16.4 KQ) 
the following hybrid parameters when used in the: 
c.c. configuration: h,,=800 Q, hog=80 X 10-8 mhos, /45—3.X 10— and Л„у=48. It is 
used in this configuration as an amplifier with a load resistance of8 КО. If the 
source has an e.m.f. of 100 mV., and an internal resistance of 500 Q, calculate the 
power developed in the load. (Ans. 2.08 mW) 


17. A junction transistor has 


18. The common emitter hybrid parameters of a transistor are /je=800 ohm, 
hye=47, hoe=80 pymhosand hye=5 X 10—, Calculate the output voltage and output 
resistance for a c.c. voltage amp. tor with a load of 5 КО and a 
10 mV source of internal resistance 500 2. (Ans. 1.38V; 3.82 КО) 

19. The common emitter hybrid parameters of а junction transistor are given 
as follows: /,,—1500 ohms, 510—5, Ji —90 and 1231075 mhos. Calculate the 
parameter values for the T-cquivalent circuit of this transistor. Also determine the 
input impedance and current gain of on emitter amplifier using 


a single stage comm 
this transistor and having a collector load of 5 KQ. 
(Ans. re=10 


Q, =l KQ, 7e=5 MQ, a 


lifier using this transis 
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СНАРТЕК 15 
FIELD-EFFECT TRANSISTORS 


15.1 Introduction 
'The transistors we have discussed earlier are known as bipolar 
transistors, since they have two junctions and their operations depend 
on the action of two different types of charge carriers; electrons and 
holes. There is another class of transistors whose action depends on only 
one type of charge carrier. Such unipolar devices are known as field- 
effect transistors (FETs). FETs are of two distinct types : (i) the junc- 
tion type (JFET) and (ii) the metal-oxide semiconductor type 
(MOSFET). 
The FET differs from the bipolar transistor in the following 
important characteristics: 
(i) It is easier to fabricate and takes less space in integrated form. 
(ii) Ithas a high input impedance of the order of many megohms. 
(iii) It shows no offset voltage at zero drain current. 
- (iv) Its operation depends only on the flow of the majority 
carriers and hence it is a unipolar device. 


(v) Its noise is less than bipolar transistor. 


15.2 JFET 
An N-channel JFET is illustrated in Fig. 15.1. The three elements 


Fig. 15.1 


of the transistor are the source, the gate, and the drain. These corres- 

pond respectively the emitter, the base, and the collector of a bipolar 

transistor. In the figure, the body or channel of the transistor is an 

N-type semiconductor while the gate embedded on both sides of the 
226 
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channel, is the P-type material and hence the name junction FET. 
When gates 1 and 2 are internally connected, it is called a single gate 
FET (Fig. 15.1а). When separate leads are brought out for gates 1 
and 2, the device is known as a dual gate FET (Fig. 15.1b). The FET 
thus constructed is an JV-channel, P-gate device the symbol of which is 
shown in Fig. 15.2. Similarly it is also possible to make a P-channel, 


Drain Drain 
Gate 
Gate 
Source Source 
(a) (b) 


Fig. 15.2 


N-gate JFET whose symbol is presented in Fig. 15.3. It is to be noted 
that for an N-channel device the gate arrow points towards the channel 


Drain Drain 
-© Gate 
Source Source 
(a) (b) 


Fig. 15.3 


while for a P-channel the arrow points away from the channel. For 
poth the types the gate arrow may be centred on the channel or close to 


the source. 


15.2.1 Operation ырен 
The operation of а unipolar transistor is usually different from 


those of a bipolar transistor. The main difference is that, in a JFET, 
the drain currrent (Ip) is controlled by gate to source voltage (Vgs) 
while in a bipolar transistor the collector current is controlled by 


base current. 
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In order to explain the operation of a JFET, let us consider Fig. 
15.4, where the drain and source of the N-channel semiconductor are 


Source 


Fig. 15 4 


respectively connected with the positive and negative terminals of the 
battery Vpp. The negative charge carriers, i.e., electrons in the NV- 
channel move toward the positive battery terminal while electrons 
from its negative terminal move into the JV-channel. This movement 
of the electrons is done through the source to replace those that left 
at the drain. Current will continue to flow as long as the circuit is 
complete and this can be controlled slightly by varying Vpp. 


A further control of the drain current can be done more effectively 
by using Fig. 15.5(a). Here a gate has been added and a reverse-bias 


Fig 15.5 
is applied to it with respect to the source. B 


у negative biasing the gate, 
ct of widening the gate and 


| І 15.5(b). If th -bi 
is made high enough the gate becomes so wide Hm En 


blocked and hence the drain c i 
Fig. 15.5(c). Urrent 15 completely cut off, as shown in 


the electric field at the junction has the effe 
thus reducing the channel width as in Fig. 


mma 
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15.2.2 Characteristics 


The curve obtained by plotting drain current (Ip) along the Y- -axis 


against drain-to-source voltage (Vps) along the X-axis for fixed gate 


bias voltage (Ves) is called the drain characteristic of a JFET. The 
circuit diagram for stuyding the characteristic curves of a JFET is 


shown in Fig. 15.6. In the figure, Vgg is used as the gate bias supply and 
mA 


Fig. 15.6 


V pp as the drain voltage source. The voltmeter (V) measures the drain- 
to-source voltage (Vps) and the milliammeter measures the corres- 
ponding drain current (Ip). 

The variation of Ip with Vps for fixed Vgs is shown in Fig. 15.7. 
A group of such drain characteristic curves have been drawn by setting 


Zp in mA —> 


о Wps о 15 (тох) 


с in volts ——- 
Fig. 15.7 


Vos at different fixed values. Ves may be made increasingly negative 
until Ip cutoff is reached which is nearly —2 V in the figure. This value 
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of Vs is known as Vgs off. It is noted that as Уру is gradually increased 
from zero to Vp, the value of Ip increases from zero to J, pss. The voltage 
Vp is called the pinchoff voltage and Ips, is the maximum drain 
current that can be attained without destroying the JFET. As Vps 
increases from Vp to Vpsimaz, the drain current remains almost 
constant at the value of Ipss. JFET when used in a circuit is operated 


in this region Vp to Vps (maz) where no change occurs practically 
in the value of drain current. 


If Vps is increased beyond Vps (maz) there is an avalanche increase 
in Ip which rapidly destroys the JFET. 

"The transfer or transconductance characteristic of а JFET is also 
obtained by using the experimental circuit of Fig. 15.6. To get the 
characteristic, Vps is kept at a fixed value while Vs is altered and the 


corresponding Ip is noted. The nature of the transfer characteristic 
curve of a JFET is shown in Fig. 15.8. 


1055 
3 
gy 
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© SE 
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<— ge in volts 


Fig. 15.8 


The transfer characteristic may also be obtained from the family 
of drain characteristics. For this a required value of Vps is selected 
first. Then the corresponding values of б and J, р are noted to get the 
coordinates of points on the Ip versus Vcs curve. The transfer curve is 
also known as a square-law curve, because of the Squared term in 
the equation from which it is determined. The equation relating Ip 
and Vgs may be expressed as, 


(15.1) 
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15.2.3 Applications 

Because of the square-law characteristics, FETs are frequently 
used in the tuners of radio and TV receivers. Further, in a FET since 
the gate draws no' current, it has a very high input impedance which is 
suitable in electronic voltmeters. Voltmeters designed with FETs in 
the input are popularly called FETs meters. 
15.2.4 JFET Biasing 

The gate biasing network of a JFET is similar to the base-biasing 
network of a bipolar transistor with a difference that the JFET gate is 
reverse-biased while the bipolar transistor base is forward-biased. 


(a) Voltage-divider Bias 
An N-channel JFET voltage divider gate bias arrangement is 
shown in Fig. 15.9(a). The voltage at the gate to ground is given by, 


Beri 15.2 
Vo= ip (15.2) 


o pp 


(a) f (b) 
Fig. 15.9 
While the voltage on the source to ground is, 
V5—IpRs ы. (15:5) 
where, Jp=drain current, 
Rg —source resistor. 
The gate bias Vgs is now obtained by subtracting Vs from Vg 
ie, Ves=Ve—Vs (15.4) 
In order to ensure reverse bias of the gate, the parameters in the 
a manner that Vgs becomes a negative 


hand side of equation (15.4) must 
g a bypass capacitor C,, as shown in 


circuit are chosen in such 
quantity. That is Vs on the right 
always be greater than Vg. By usin: 
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Fig. 15.9(b), the degenerative signal voltage developed across. Rs can 
be eliminated. 


(b) Self Bias 


To explain the self bias for an JV-chennel JFET, a simple circuit 
is drawn in Fig. 15.10. Since the gate through the resistor R, is returned 


to ground and there is no gate current, the voltage on the gate Vg is 
zero. 


Fig. 15.10 
As before, we have, 
Vs=Ip Rs 


aie (15.5) 
So the gate bias, Vgs—0—Vg——IpRs (> Ve=0) ... 


(15.6) 
(c) Source Bias 


A source bias arrangement, by employing two independent power 
supplies are shown in Fig. 15.11. Here Vpp is the drain supply and 


Fig. 15.11 


Vss is the source supply. The parameters in the circuit are chosen 
to supply the proper gate bias for the required drain current. 
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15.3. MOSFET 

Like JFET, just discussed, the MOSFET is also a field effect 
transistor of much higher input impedance than the JFET. Depending 
on the manner of construction MOSFETs are mainly classified into 
two different types: (i) Enhancement type and (ii) Depletion type. 

MOSFETs have some added advantages. These are: (a) lower 
noise (2 to 6 dB typical), (b) reduced cross modulation effects, (c) low 
feedback capacitance (0.02 to 0.17 pF typical), (d) high transconduc- 
tance (upto 15,000 micromhos typical), and (e) high maximum opera- 
ting frequency (upto 500 MHz, depending upon the model). 

The only pronounced disadvantage of the MOSFET is the deli- 
cateness of its gate insulation. 


15.4 Enhancement-type MOSFET 
The construction of an enhancement type MOSFET is shown in 
Fig. 15.12. In the enhancement type there is no channel between the 


Insulator 
502 


Fig. 15,12 


source and the drain but separating the JV-type source and drain is a 
P-type substrate. A very thin, fragile layer of silicon dioxide (SiO;) is 
deposited over the substrate. On the silicon dioxide insulator a metallic 
film is deposited which serves the purpose of the gate. Usually there 
are four ohmic contacts, one each for the source, drain, substrate and 
the gate. But sometimes the substrate is internally connected to the 
source and so no substrate lead is required then. 

Since the gate is insulated from the body of the FET the MOSFET 
is also called an insulated gate FET (IGFET). Although no physical 
channel is there, the MOSFET is sometimes termed as N-channel 
enhancement type FET. 
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It may be noted that a P-channel normally off MOSFET may 
be constructed by using P-type source and drain and JV substrate. The 
symbols for both JV- and P-types are shown in Fig. 15.13. 


D D 
8 B 
G 5 Ge 5 


N- channel P-channel - 


Fig. 15.13 


15.4.1 Operation 

From the manner of construction it is clear that in a MOSFET 
the gate and the substrate behave as the two plates of a capacitor 
separated by an insulator of SiO,. As shown in Fig. 15.14(a), when a 


Fig. 15.14 


positive voltage is applied to the gate relative to the source to which the 
substrate is also connected, the capacitor begins to charge. Since the 
gate is made positive, negative charges appear in the substrate between 
drain and source [Fig. 15.14(b)], in effect creating an N-channel 
which will allow to flow current in the source-to-drain circuit. The 
MOSFET thus conducts only if the gate is made positive relative to 
the source and it is cut off when the gate-to-source voltage is zero. 
For this reason it is called a normally off MOSFET. 


15.5 Depletion-type MOSFET 


The construction of a depletion type MOSFET is shown in Fig. 
15.15. The manner of construction of depletion MOSFET is similar 
to that of an enhancement-type with one exception. The depletion 
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MOSFET, as evident from the figure, has an N-channel while Һе 
enhancement-type has not. 


Insulator 
(SiO2) 


ET Substrate 


Fig. 15.15 
The depletion MOSFET may also be constructed using a 
P-channel and JV substrate. The symbols for both JV- and P-channel 
depletion MOSFETs are shown in Fig. 15.16. As the depletion. 
MOSFET is normally on, the vertical channel line is not broken here- 
as in the enhancement-type. 


HHS 
QBS 


N-channel P-channel 


Fig. 15.16 
15.5.1 Operation 


The FET in Fig. 15.15 can be operated with both negative and’ 
positive gates. When the gate is negative, the FET operates in the- 
depletion mode and when positive operates in the enhancement mode. 

Let us first consider the case when the gate is made negative 
relative to the source. The circuit arrangement is shown in Fig. 15.17" 


FFF 


Fig. 15.17 
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including the capacitor charge distribution on the gate and JV-channel. 
When the negative voltage is applied to the gate, electrons on-it repel 
the negative charge carriers in the N-channel, in effect depleting the 
‘channel of negative carriers and reducing the drain current. For a 
‘sufficiently negative gate-to-source bias the drain current is cut off. 


Let now a positive voltage is applied to the gate of the N-channel 
as in Fig. 15.18. The gate-to-channel capacitor begins to charge, 


Fig. 15.18 


inducing negative charge carriers in the JV-channel and hence 
increasing the conductivity of the channel. As a result the drain current 
increases. The more the positive voltage is applied to the gate, the 
more the drain current flows, Thus the enhancement mode works. 
When the gate voltage is Zero, i.e., the gate is shorted to the 
‘source but the voltage source V pp is connected as in Fig. 15.17, drain 
current will flow as usual from source-to-drain, However, the drain 
current is now less than it was with Positive voltage. Since the drain 


current flows even with no gate volta 


ge, this is a normally on 
MOSFET, 


15.6 Characteristics 

A family of drain characteristic curves for an N-channel practical 
MOSFET is shown in Fig. 15.19. The nature of the characteristics is 
similar to those of a JFET except that in the present case both nega- 
tive and positive gate voltages are operational. 

The transfer characteristic curves of the (a) depletion, (b) depletion- 
enhancement and (c) enhancement MOSFETs are shown in 
Fig. 15.20. In the figure it is seen that the depletion and enhancement 
regions represent respectively for negative and positive values of Vog. 
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Fig. 15.19 


The figures (a), (b) and (c) clearly show that except for lateral dis- 
placement all the three transfer characteristics are quite similar. 


4 Ip ^ 5 
ои 
"Mes +65 “Ves +065 165 +65 
(a) Depletion (b) Depletion - enhancement (c) Enhancement 
Fig. 15.20 


The point Vy in Fig. 15.20(c) is called the gate-source threshold 
voltage from which the drain current Ip begins to rise, i.e., the current 
passes between source and drain. This value of Рг is very important 
for all practical purposes and so it is usually given on the manufac- 
turer’s specification shect. Various techniques have been applied to 
reduce the threshold voltage since а low value of Py allows (i) smaller 
switching time, (ii) higher packing densities, (iii) small power supply 
voltage and (iv) campatible operation with bipolar devices. 


15.7 MOSFET Biasing 

In biasing MOSFETs we may use the voltage-divider bias, self 
bias or the source bias, as in JFET, with similar circuit arrangements, 
The polarity of the bias required will depend on the type of MOSFET 
(enhancement or depletion) and on the nature of the channel (Л 


or P). 
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Self-Test 


Read each of the following and provide the appropriate words: 


(a) The drain characteristic of a unipolar transistor corresponds to the — 
characteristic of a bipolar transistor. 


(b) The drain characteristic represents how — varies with 


— when — is kept 
constant. 


(c) In the N-channel JFET the gate is made by — type semiconductor. 

(d) Maximum safe drain current Ipss is found when the — is shorted to 
the source. 

(c) The pinchoff voltage Vp rep; 


resents the voltage on the drain at which the 
drain current is—(cut off/stabilised). 


(f) From Vp to Уру max, the value of Ip remains —, 


(8) In an enhancement type MOSFET there — 


(15/15 not) a physical channel 
between the source and the drain, 


(h) To permit current flow the 


gate of an enhancement type MOSFET is to 
bc biased — relative to source. 


(i) In an JV-channel depletion type MOSFET if the 
relative to the source, then the FET operates in the — mode. 


(j) In the symbol of an enhancement type MOSFET, the vertical channel 
line — (is/is not) broken. 


(k) The input impedance of the FET amplifier is very —, 


gate is biased positively 


Review Questions 
1. What are the advantages of a FET over a bipolar transistor? 


2. Discuss the basic structure of an N-channel JFET; Draw its circuit symbol, 
3. Draw the drain characteristics and trans 
Qualitatively explain the shape of these character; 


4, Discuss with circuit symbols the construction of the enhancement and deple- 
tion type MOSFET. 


fer characteristics of a JFET. 
istics, 


5. Draw the characteristic curves of the two different types of MOSFETs, 
What is threshold voltage? 
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INTEGRATED CIRCUITS 


16.1 Introduction 

Integrated circuits abbreviated as ICs bave radically changed 
the world of electronics. The application of these microelectronic 
*giants! was first felt in the field of computer technology. The first- 
generation electronic computers used vacuum tubes which were 
replaced by transistors in second generation computers while the third 
generation computers used digital ICs, increasing computer speed 
and reliability and at the same time reducing its size considerably. 


Now-a-days integrated circuits are widely employed in linear 
circuits, in communications, military and also in industrial applications. 


16.2 Principle of Integrated Circuit i 
Semiconductor properties are utilized for producing an entire elec- 

tronic circuit within a single crystal. Such a circuit reduces considerably 

the number of individual components in complex electronic circuits, 


The basis for the integrated circuit development is very simple. 
Silicon made electronic components of various types, such as, tran- 
sistors, diodes, resistors, etc. having suitably disposed N-type and 
P-type regions are combined in a single crystal slab. The stray coupling 
due to junction capacitances is taken into consideration in designing 
the circuit. In fact, the capacitance of a P-N junction may serves the 
Purpose of a capacitor in an 1С. However, for most of the cases the 
capacitors and also inductors are connected externally as separate 
components. 


16.3 Fabrication of Monolithic IG 
The term ‘monolithic’ comes from two Greek words, monos (mean- 
ing single) and lithos (meaning stone). A monolithic integrated circuit, 
as the name implies, is thus built into a single stone or a single crystal. 
Integrated circuit (IC) is not just an efficient transistor or several 
transistors placed inside a small case. Rather it is a complete curcuit 
Consisting of active and passive components. The active components are 
transistors and diodes while the passive elements are Capacitors and 
resistors, IC! is formed by an intricate microphotolithographic process 
usually on a silicon chip and housed in a container no larger than a 
small transistor. 
239 
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The fabrication processes of IG are based on the production tech- 
nology of silicon-diffused or ‘planar’ transistor. Silicon ICs are fabri- 
cated on a silicon disk the diameter of which is approximately 1 inch 
and about the thickness of this paper. The disk is altered in a series 


` of individual steps. The top of the disk is first oxidized and then 
covered with a photosensitive lacquer, as a ‘resist’. 


Next microphotolithographic process is applied to etch the circuit 
patterns into the oxides. After heating, a very small quantity of impu- 
rity, like boron or arsenic, are diffused into the silicon in order to form 
P and W islands on the disk. This process is repeated several times 
untill all the circuit componenis are made on the disk. The compo- 
nents are then connected by depositing vaporized aluminium in the 
desired pattern. These are now diced. The chips are Separated and 
mounted on ceramic or metal bases. Then thin aluminium wires, 
about one-third the thickness of the human hair, are bounded between 
the ІС contacts and the header leads and then the package is sealed 
properly. In general, (a) flatpack, (b) dual-in-line package or (c) 
transistor type TO-5 case are used as shown in Fig 16.1 


taneously in large quantities, 


16.4 Classification 
There are many IG config 
broadly classified under two h 


linear ICs are used in signal-processing circuits (amplifiers, oscillators 


еіс), in communication electronics (TV, radio receivers, transmitters 
etc.) and in hi-fi equipments while digital ICs are 


computers and other electronic ‘counting’ devices 


urations or circuits, However, 
eads—linear ICs and digital ICs. Mainly 


they are 


used in calculators, 


[ 
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16.4.1 Advantages of an IC 
‘In comparison to a circuit of discrete components an integrated 
circuit has the following advantages: 
(i) Low cost, due to a large number produced at a time, 
(ii) High reliability as there are no soldered joints, 
(iii) Small size, 
(iv) Improved performance. 


16.5 Circuit Configurations (Linear ICs) 

Perhaps the concept of ICs first came from the printed-circuit 
techniques and the diffused planar-transistor-fabricating technology. 
In fact, the earlier designs of ICs well resembled transistor circuits using 


. discrete components. With the increase of knowledge, however, ICs 


have taken a completely unique character. 

Active components are less costly in an IC as they take compara- 
tively little space than the passive elements. Inductors are not 
fabricated in an IC. So integrated circuit RC rather than LC ‘tuning’ 
is used. Chips are so designed that they may be used in more than one 
Circuit configuration. As for example, the same IC! CA 3018, con- 
taining. an array of four transistors with 12 external connections, has 


Voc=(+6V) 


Fig. 16.2(a) 


been utilized in different external circuit arrangements. Fig. 16.2 
Shows two such arrangements where it has been used as (i) wideband 
amplifier (Fig. 16.22) and (ii) RF amplifier (Fig. 16.2b). The transis- 
tors in this IC, used as discrete components, are labeled as Q4, Qo, Оз 
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and Q,. External connections are brought to the 12 IC terminals, 
numbered 1 through 12 and power is supplied from a +6 V source. 


Vo 


Fig. 16.2(b) 


We may mention the name of another IC СА 3020 which is 
described by the manufacturer as a “Monolithic integrated circuit, a 
multipurpose, multifunction power amplifier designed for use in 
portable and fixed audio communication equipment and servo control 


9t Vcc 
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Amplifier 
AC input 
(To terminal 
No.10) 


AC signal input 


Voltage 
Regulator 


5 Differential 


> 


(To terminal No:3) Amplifier & Phase Output 
Splitter Amplifier 


Fig. 16.3(a) 


systems.” The functional block diagram of the IC CA 3020 is drawn in 
Fig 16.3(a) while an audio amplifier using the IC is shown in Fig. 
16.3(b). 


16.6 Digital ICs 
Digital integrated circuits are also known as | 


BE ous, ogic circuits, because 
the characteristics of the circuit and the nature of 


the inputs determine 


Бе e 
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the output. Or in other words, the logic of the circuit ensures a pre- 
determined output for specific inputs when the input combination is 
correct for that particular circuit. 


Fig. 16.3(b) 


Computer designs are of two-state type, i.e., cither Yes or No 
variety. Logic circuits can be in one of the two positions, such as 
HIGH or LOW, ON or OFF. The two-position nature of computer 
circuits gives information by a д.с. level on a signal line; the presence 
of information is indicated by a positive voltage level while the absence 
by a negative level. These levels are also called as UP (positive) and 
DOWN (negative) levels. 


16.6.1 AND Circuit and its Truth Table 
An AND circuit is shown in Fig 16.4(a) while Fig 16.4(b) gives 
its symbolic representation. This is a simple logic circuit using diodes, 


T100V 


RL 


Output А 
—20V ——O 2 mer] }—о' 
N 
Y-AB--N 
+20V 
Input 2 
—20V Шр (а) ) (b) 


Fig. 16.4 


In such a circuit both the inputs must be at an UP level to produce an 
UP level at the output, In the figure, D, and D, are two diodes, each 
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receives an independent input signal voltage (+20 V or —20 V) 
through S, and S, respectively. 


'To understand the operation of an AND circuit let us consider 
first the simple circuit diagram of Fig. 16.5. As shown, when the 


Flg. 16.5 


switch 51 is in —20 V position, circuit is completed from the —20 у 
source through diode D, and resistor R, to the +100 V source. Under 
such condition, since D, is forward biased it conducts. As the forward 
resistance of D, is low compared with the load resistance, a negligible 
voltage drop appears across D,. Therefore with respect to common 
ground the output level exhibits —20 V, Similarly, when the switch is 
placed in the +20 V position, output voltage exhibits +20 V. 

The use of one diode in a circuit is therefore just to transfer either 
input level to the output. That is why with only one diode and one 
input, the circuit has little value as a logic circuit. When the second 
diode and input are included as in Fig. 16.4(a), a real AND logic 
circuit is formed. 

Let us now consider the circuit of Fi 
and $; are at —20 V position, the output is —20 V. But if S, is placed in 
the +20 V position and 5, in the —90 V position, я 
at —20 V, since the diode D, has a —20 V level on its cathode. Diode 
D, is cut off because its cathode is -+20 V and is more Stu than 
its anode. D, is thus reverse biased. If next the Switches 5; and 5, are 
both set in. --20 V position, the output gives +20 V. : ; 


g. 16.4(а). When both $, 


the output remains 


From the measurement of the output of an AND Circuit we can 
therefore draw the following logical conclusions: 


(i) If the output is UP, then both the inputs must be UP. 
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(ii) If the output is DOWN, then either or both the inputs must 
be DOWN. 


TRUTH TABLE 

Usually the logic of digital circuits is given in the form of a truth 
table. A digital UP state is represented in convention by the binary 1 
while а DOWN state by the binary number 0. АП the necessary condi- 
tions in a two-input AND circuit are then given in Table 16.1. 


TABLE 16.1: AND Truth Table 


Inputs 
Output 
A B ТА 
0 0 0 
1 0 0 
0 1 0 
1 1 1 


16.6.2 OR Circuit and its Truth Table 

The OR circuit is another logic circuit. Such a circuit provides an 
UP level at the output when any one of its inputs has an UP level. Tt 
is, however, similar to the AND circuit with a difference that the 
polarity of the diodes is reversed and the load resistance Ё is connec- 
ted to the negative voltage source. Fig. 16.6(a) shows an OR circuit 
while Fig. 16.6(b) is its symbolic representation. 

To understand the operation of an OR circuit, for the time being, 
let us consider that only the diode D, is present in the circuit of 
Fig. 16.6(a). When the input to D, is —20 V, the diode becomes 


A 
f 
и үр » 


N 
ЖХ=А+В+ +N 


(b) 
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forward biased since the anode is less negative than the cathode which 
is connected through the load resistor to the —100 V source. The diode 
D, thus conducts and it acts as a low resistance switch. A very small 
voltage therefore drops across D, as compared to that across Rz. 
The output level so exhibits —20 V. Similarly when the switch S, is 
placed to +20 V position, the output will exhibit +20 V. 

Now, if both the diodes are connected and the inputs are at 
—20 V position, the output is —20 V. But if either D, ог D, has 
+20 V on its input, the output is +20 V. 

From the measurement of the output of an OR circuit we can, 
therefore, draw the following logical conclusions: 

(i) Ifthe output is DOWN, then both the inputs must be DOWN, 

(ii) If the output is UP, then either or both the inputs must be UP, 


TrutH TABLE 
АП the possible conditions in a two-input OR circuit are given 
in Table 16.2. 
TABLE 16.2: OR. Truth Table 


— 


Inputs 
О 
A B н, 
0 0 0 
1 0 1 
0 1 1 
1 1 1 


_ 


16.6.3 Combined AND-OR Circuits 


In computer technology sometimes a combination of AND and 
OR circuits are used to perform complex logical operations. A simple 
example of it in the form of block diagram is shown in Fig. 16.7. 


2 


Inputs 


Output 


Fig. 16.7 


Analysis shows that an UP level on inputs 1 and 2 will produce an 
UP level on input 3 alone produces an UP level at the output. 
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16.6.4 AND and OR Gates 

AND and OR circuits are also known as Gates. In digital 
electronics, a gate is a circuit which has two or more inputs and one 
output. The nature of the gate and input combinations determine the 
output, i.e., either UP (1) or DOWN (0). 

16.6.5 NOT Circuit 

A NOT circuit is nothing but an inverter, mathematically the 
characteristic of which is given in equation (16.1). 

If Vin=A, then Vout =A (16:1) 
The bar over A represents NOT. Hence if the letter 4 represents 
DOWN level (0), 4 represents UP (1) and if 4—1, 4—0. Or in other 
words, 0—1, and 1—0. 


Output 


(b) 


Fig. 16.8 


Fig. 16.8 shows a NOT circuit and its symbolic representation. 
In the grounded emitter configuration in Fig. 16:9 (2); the output is 
taken from the collector. When no signal is applied at the input, the 
off and the output is at Vee, i.e., itis UP. On the other 
hand when a positive pulse is applied to the base, the transistor conducts 
and the collector voltage drops- Thus for a positive input, the output 
goes DOWN. We can therefore conclude that in a NOT circuit the 
output is present when an input is not applied. Similarly an output 


signal is not present when an input signal is applied. 


transistor is cut 


16.6.6 NAND Gate and its Truth Table 
The NAND gate is а combination of NOT and AND function. 


A two-input NAND gate and its symbolic representation is shown in 
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Fig. 16.9. In the absence of an input both Q, and Qe are forward- 
biased and conducting heavily. Thus when there is no signal on A or B 
the output voltage taken from collector to ground is close to zero. 
When a positive pulse appears on A but not on B, Q, cuts off but Qs 
still conducts and the output is still UP. Similarly if a positive pulse 
appears on B but not on A, the output is UP. But if positive pulses 


A 
oB c 
Vat Impure | et. 
n ; gapi 


(а) (b) 
Fig. 16.9 

appear on А and В simultaneously, both Q, and Q. 
voltage at the collector drop to —Pze. So the output is DOWN. Thus 
we find that the NAND gate is nothing but an AND gate with its 

output inverted, mathematically which can be expressed as, 
A+4B= Vout 
or, AB = Vout 

TRUTH TABLE 


2 are cut off and the 


“л, (GP) 


All the possible conditions in a two-in 


put NAND gate are given 
in Table 16.3. 


TABLE 16.3: NAND Truth Table 


Inputs 
= Output 
A B Yr 
0 0 1 
0 1 1 
1 0 1 
1 1 0 


16.6.7 NOR Gate and its Trath Table 
The NOR gate is a combination of NOT and OR logic, the cha- 
racteristic of which is that the output is produced without application 
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of signal to input A, nor to input B, ...... , nor to input JV, nor to any 
combination of inputs. Fig. 16.10(a) is a NOR gate with two inputs 
while Fig. 16.10(b) is its logic symbol. 


Fig. 16.10 


Let us consider the basic circuits of Q, and Q,. When the input 
signal is absent both the bases are returned to ground through the input 
circuits (not shown in the figure). So Q, and Q, are cut off for lack of 
forward bias. The output, common to both Q, and Оу, taken from 
the collector resistor Rz is therefore equal to --Vcc when no input signal 
is present on A or on B. If a positive pulse is applied at input A or B 
or both, Q; or Оз cr both respectively conduct and_a negative pulse 
appears at the output. The output is therefore DOWN. So we have an 
effect of an inverter (NOT) and an OR circuit in the operation of this 


gate mathematically which can be expressed as, 
> 1 1 


A+B=Vout "3 
or, AB=Vou |. а) 


TRUTH TABLE { * : 

АП the possible conditions in a two-input NOR gate are given in 
Table 16.4. 
NEC TABLE 16.4: NOR Truth Table 


Inputs 
Output 
A B 
0 0 1 
0 1 0 
1 0 0 
1 1 0 
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16.6.8 Boolean Algebra 

George Boole (1815-1864), an English mathematician, first deve- 
loped the logical algebra greatly aided for the analysis of logical net- 
works. A list of theorems in Boolean algebra is presented in Table 16.5. 


TABLE 16.5: Boolean Algebra Theorems 


AND gate (i) 0.4—0 
(ii) 1.A=A 
(iii) 4.4—A 
(iv) 4.4—0 
OR gate (v) 0+A=A 
(vi) 1+4=1 
(vii) ALA=A 
(viii) A+4=1 
NOT gate (ix) (4)=A 
Commutation (x) A+B=B+A4 
(xi) 4.B—B.A 
. Association (xii) A+(B+C)=(A+B) Ha 
(xiii) A. (B.C) =(4.B).G 
Distribution (xiv) A.(B-EC) =A.BLAC 
(xv) (4--B).(A4--C) —4--B.C 
Absorption (xvi) A--A4.B—A 
(xvii) 4.(4--B) д 
De Morgan's (xviii) (A-EB) —4.B 
theorems (xix) A.B=4+B 


The equations above may be proved by considering the definitions, 
or truth tables or the behaviour of the circuits discussed earlier. In the 
table the De Morgan's theorems are interesting enough showing a 
useful relation between AND and OR functions. 


The theorems of Boolean algebra are utilized to simplify digital 
logic networks in a similar way as the mathematical logic is utilized 
for manipulating ordinary algebraic expressions. 
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16.7 Binary Operation of a System 

The binary system of arithmetic has only two possible states to 
represent all quantities. These two states are either 0 (zero) or 1 (one). 
Since 0 and 1 can be easily represented by two-state digital circuits, 
the binary operation finds wide use in computer technology. Thus a 
hole in a card can represent a binary 1 while no hole is a binary 0. 
Similarly the magnetic flux of a magnetic material can represent lin 
one direction and 0 in the opposite direction. In a computer, to trans- 
mit digits from one part to another, a binary 1 can be represented by a 
positive level and a binary 0 by a negative level or vice versa. Various 
designations are used, in general, for the two quantized states of a 
binary system, the most common of which are given in Table 16.6. 


TABLE 16.6: Binary-state Terminology 


1 2 3 4 5 6 7 
One state True Closed High Up Off Yes 1 
Other state False Open Low Down On No 0 


In logic a statement may be either true or false which is the nota- 
tion under 1. Similarly a switch may be either closed or open as shown 
under notation 2 and so on. 

A binary digit (either 0 or 1) is called a bit and a group of bits 


having a significance is called a code, word or byte. 


16.7.1 Binary Numbers 

For explaining the binary numbers, let us start with the familiar 
decimal system based on the use of 10 digits. Consider, as an example, 
the meaning cf the decimal number 634 which can be written as 


follows: 
634.— (6 x 102) +(3 x 103) + (4 x 109) 


—600 4-30 4. 

It is seen therefore, that in a number the individual digits repre- 
sent coefficients for the increasing powers of 10. "The farthest digit 
to the right is the coefficient of the Oth power, the next is the coefficient. 
of the Ist power and so on. In general, any decimal number can be 
represented by the equation 


Y=dn хт" da, Xr" 1+... +d1 хт X — ... (16.4) 


where Y is the entire number, d; is the nth digit from the point and r 
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is the radix or base. This equation can also be applied to the binary 
‘system as discussed below. 


Since only two digits (0 and 1) are available in a binary system, 
the individual digits represent the coefficients of powers of 2 rather 
than 10 as in the decimal system. The binary number 10111, as an 
example, may be solved as follows: 


T—d, xr! ds x P +d, xr*--d, хп X17 
=1 x2*-E0x23--1x22--1x21-L-1 x29 ` 
=16 +0 -+4 -+2 +1 =23 
ог arithmetically we can write, 101115—23;. 


This means the binary number 10111 represents the same quan- 
tity as the decimal number 23. A short list of decimal-binary equiva- 
tents is given in Table 16.7. 


TABLE 16.7: Equivalent Numbers 


Decimal Binary 
notation notation 


о 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 


ооо моо AON — 


16.7.2 Decimal to Binary Conversion 

The order of a binary number is designated as 1 
64, 128, 256, etc. and not as unit, tens, hundreds, 
the decimal system. There are two methods for c 
to a binary number. 


» 2, 4, 8, 16, 32, 
thousands, etc. as in 
onverting a decimal 


In the first method a table of powers of 2 is utilized ( 


Table 16.8). 
The decimal number to be evaluated is taken and the largest power 


мелдар 
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of 2 from the table is noted without exceeding the original number. 
Then subtract the table-oriented number from the original number 
and repeat the process for the remainder until it becomes zero. Next, 
add the binary numbers obtained from the Table to get the answer. 


TABLE 16.8: Power of 2 


2 n 

1 0 

2 1 

4 2 

8 3 
16 4 
32 7-5] 
64 6 
128 7 
256 8 
512 9 
1024 10 


In the second method of converting decimal to binary, the number: 
is successively divided by 2 and its remainders recorded. The final 
binary result is obtained by reading the remainders from the bottom 


to the top. 
16.7.3 Binary Addition й, 
Addition of binary numbers is very simple. The addition of two 


binary numbers А and В can be done by using the Truth Table 16.9, 
The Table shows all the possible combinations of А and В. 


TABLE 16.9: Truth Table for Addition 


Inputs 
Sum Garry 
A B 
0 0 0 0 
0 1 1 0 
1 0 1 0 
1 1 0 1 
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A digit, in the fourth entry of Table 16.9, is carried by shifting it 


to the next position to the left. 


Binary numbers can also be subtracted, multiplied and divided 
using similar rules as applied for addition. ` 


Examples 


1. Convert 19,, to binary 


lst method: 


From Table 16.8, the largest number 
without exceeding 19 is 16 


19—16=3 


From the table, the largest number 
without exceeding 3 is 2 


3—2=1 
1 is the largest number 


Adding the binary numbers 


19,9 —10011, 


2nd method: 

Successive 
division 
2 |19 
2|» 
2 [а 
22 
zd 

Dm 


16—10000 


19=10011, 


Remainders 


Reading the remainders from the bottom to the top, the result is 


19,,—10011, 
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2. Convert 200,, to binary 


lst method: 
200—128—72 128—10000000 
72—64— 8 64— 1000000 
8— 1000 
200—11001000, 
200,9=11001000, 
2nd method: 
Successive Remainders 
division 
2 |200 
2 100 0 
2 [м 0 
2 Е 0 
2 a» 1 
2|6 0 
2] 3. 0 
2 |1 | 
E 1 


Reading the remainders from the bottom to the top 
2003011001000; 
3. Ааа the binary numbers 0110 and 0101 
The factors to be added are 0110 and 0101. By using Table 16.9 we get the 


following result: 


Binary Decimal 
0110 6 
0101 5 


1011 11 
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4. Add the binary numbers 00101 and 00111 


Binary Decimal 
00101 5 
00111 7 
01100 12 


5. Subtract the binary 00111 from the binary 01100 


Binary Decimal 
01100 12 
00111 7 
00101 5 


6. Subtract the binary 00001 from the binary 00010 


Binary Decimal 
00010 2 
00001 


00001 


1 
1 
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Self-Test 


Read each of the following and provide the appropriate words. 

(a) An integrated circuit is a complete circuit etched into a — chip. 

(b) The active elements in an IG are — and —. 

(c) The passive elements in an IG are — and —. 

(d) An IC is a complete circuit consisting of discrete components. (True/False) 

(c) ICs may be broadly classified as — and — devices. 

(f) ICs usually come in one of the three different cases. These are: (а) —, 
(b) — and (с) —. 

(g) An audio amplifier is an example of — IC. 

(h) Digital ICs are found in — — etc. 

(i) Digital circuits are linear circuits. (True/False) 

(j) Logic gates used in computers are contained in —. 

(К) In a three-input AND circuit all the inputs must be — for the output 


to be UP. 
(1) Ina two-input AND circuit if the output is —, then either or both the inputs 


must be DOWN. Е 
m) In а four-input OR circuit at least — input(s) must be — for the output 


to be UP.. 
(n) The expression A.B=C is the characteristic of a — input gate. 


(о) The symbol ‘+-’ when used in logic equations stands for —. 

(p) The equation A+-B=C represents the characteristic of a — input — gate, 

(q) In a NOT circuit the output is — when an input is not applied. 

(r) The — gate is a combination of NOT and AND function. 

(s) A NAND gate is nothing but the — gate with its inverted output, 

(t) We have an effect of an inverter and an OR circuit in the operation of 
= Bate, 


(u) A number expressed 
decimal value. (True/False) ‘ 
(v) The number 14 written in the binary form is —. 


in binary form has one and only one equivalent 


(w) The number 20 written in the binary form is = 

(X) The value of the number 1011 in decimal form is —. 

(у) The value of the number 11011 in decimal form is m 

(z) The result of adding the following binary numbers is 
1011011 


1101001 


17 [еєсткозпсз] 
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Review Questions 


1. Describe briefly the principle and the fabrication processes of an integrated 
‘circult. " 

2. What are the four advantages of an intergrated circuit? 

3. How are the integrated circuits broadly classified ? 

4. What is a logic circuit? Define (a) positive logic and (b) negative logic. 

5. Identify the two states of a logic circuit. 


6. From the Table given below what conclusions can you draw about the 
characteristics of an AND circuit? 


TABLE 16.10: AND Logic 


Inputs 
Output 
4 B 7; 
0 0 0 
0 1 EU 
1 0 0 
1 1 1 E 


— 
7. Complete the following Table for the OR circuit 


TABLE 16.11: OR Logic 


Inputs 
== i = Output 
A B T 
R 


н м о о 
н oro 


8. Define ап AND gate and give its truth table, 
9. Explain with circuit diagram the operation of an AND gate. 
10. Define an OR gate and explain its operation. 
11. Show how to implement an AND with OR gate. 
12. What are the characteristics of an inverter? 
13. Define a NOT gate and give its truth table. 


14. What are the characteristics of (a) NOR. and (b) NAND Bates? Explain 
their operations. 
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15. What is meant by binary operation of a system? 

16. What are binary numbers. Explain with illustration how a decimal number 
can be converted to a binary number? 

17. Give the truth table for binary addition. 

18. Why is the binary system preferred to the decimal system for use in com- 
puters? 


19. Write the quantity 196 in binary form. (Ans. 11000100) 
20. Convert the binary quantity 1101001 in decimal form. (Ans. 105) 
21. Add the binary numbers 10001 and 01111. (Ans. 100000) 


22. Add the binary numbers 00010 and 00010. (Ans. 00100) 


CHAPTER 17 
OPERATIONAL AMPLIFIER 


17.1 Introduction 

An operational amplifier, often referred to as OP АМР, is a high 
gain, direct-coupled amplifier whose response characteristics are con- 
trolled externally by negative feedback arrangement. Now-a-days OP 
AMPs are widely used in various branches of electronics particularly 
in linear and digital circuits. OP AMPs are suitably used in computer 
technology to perform mathematical operations like summing, differen- 
tiation and integration. These are also used as video and audio ampli- 
fiers, oscillators, etc. 


17.2 Symbol 
The symbol for an operational amplifier is shown in Fig. 17.1. 
The figure shows that the amplifier has two inputs of which one is 


Inputs Output 


Fig. 17.1 


marked plus (-+) and the other is marked minus (—). The plus input 
is the noninverting input while the minus input is the inverting input. 

A signal applied to the plus input will be appeared in the same phase 
at the output. On the other hand, a signal applied to the minus input 
will be shifted in phase 180? at the output. Since the internal circuit of 
an OP AMP is very complicated, the symbol shown above is used in 
different circuit diagrams. 


17.3 Specifications of OP AMP 

With each operational amplifier the manufacturers supply a basic 
diagram, a circuit diagram and other specifications including perfor- 
mance graph. As an example a basing diagram of the 741C OP АМР 
showing all terminal connections is shown in Fig. 17.2(a) and its circuit 
diagram is shown in Fig. 17.2(b). The OP AMPsare available in differ- 
ent packages which can be divided into two grades—the military (M) 

260 
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and commercial (C). The commercial grade of 741 HC has the follow- 
ing maximum ratings. 


NC 
Offset null O vt 
Invertin 
inp 09 Output 
Woninverti 
input Offset null 


Offset null 


ov^ 


Fig. 17.2 


Supply voltage +18V 

Differential input voltage + 30 V 
Internal power dissipation 500 mW 
Operating temperature 0 to 70°C. 


17.4 Characteristics of an OP AMP 
An ideal operational amplifier has the following important 


characteristics which do not drift with temperature: 
(i) Input resistance — oo 
(ii) Output resistance —0 
(ii) Bandwidth = co 


(iv) Voltage gain— — 00 
(v) Vou —0 when у=, independent of the magnitude of Vj. 
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17.5 Operational Feedback 

'To explain the features of an OP АМР, let us consider the basic 
circuit of Fig. 17.3, where the output is fedback to the inverting input 
terminal through a resistor Ry. A voltage Vin is applied to the inverting 
input and let Уц be the output voltage obtained. 


dance of an OP AMP is large, 
Which can be neglected. This 
current in Ry. So we can write 


д 


Vin = ЕЁ Vn 


т; у eae (17.1) 
or, Vig —V,Rj—V,R—V, uR 
or, Р utR—V;(R+Ry) =—VinRy 
д Np: 
Putting V, —— Se (17.2) 
where A=gain of the amplifier 
We have, 
Vou : 
Vout R+ RAR?) =—VinRy 
ИЕ 
or Vout Rl145+45|=—PinR, 
ШОКЕ, 
ог, [17+ |= 2 in 
Since the gain of the OP AMP is very large we have, 
Rr 
Vout =— R Vin (17.3) 


Equation (17.3) shows that the output voltage is the product of 
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the input signal and the constant factor (—R;/R). The negative sign 

indicates that the sign of the output is inverted in comparison to the 
input. The expression for the gain of this amplifier is, 

Gain —R;/R бо (17.4) 

Next, to find an expression for Йош for the case of noninverting 

amplifier let us consider the circuit diagram of Fig. 17.4. Note that 

here also the resistance Ё is applied to the inverting input as before 


Rf 


Vout 


Vin 


Fig. 17.4 
but the voltage is applied to the noninverting input. Let at the point S, 
t the inverting terminal the voltage is V, so that by applying 


ie,a 
Kirchhoff’s current law at 5 we get, 
= са Ve КВ) 
ог, V,R;—VoyR—V34R 
or,  V,(R--Rf) Vou doi (17.6) 
Again if A is the voltage gain of the OP AMP then, 
E— MAUI S Vout 
Vin— V, 
or, AVin—A Ё, =Vout 
or, Va=Vin— Pout w (000) 


Substituting the value of V, from equation (17.7) in equation (17.6) 
we get, 
( з= Taui) (RHR) =Vout R 


йш R | Vou Rr 
as A 


or, Vin (R--Ry) =Vout R+ 
R 
=Vou R | n" 
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Since Ais very large, we have, 
Vout R=Vin (R--Ry) 


Gm Wen Se (14% ET 175$) 
Equation (17.8) shows that the output voltage of a noninverting 
amplifier is the product of the input signal and the constant factor 
Ry 
1+). 
(1+7 
The expression for the gain of this amplifier gives, 
Gain=1 +Ñ e 79) 


Equations (17.3) and (17.8) indicate that the output voltage is 
dependent only on the ratio of Ry and R and also the gain is dependent 
only on the value of these resistors. 


17.5.1 Virtual Ground 
The point $ in the operational amplifier is very significant which 
may be explained by considering the effective impedance between $ 
and ground. If Jj be the input current then the impedance ; is given 
by, 
= 
li 
= V, 50 I; = Vou 
7, — Гош Ry 


Ry 


— V, Rr 
Vi— Vout 


Rr 
1 — Vout 


1 
ey, (8 


= ae Vout 
TH т! 


=з (17.10) 

Equation (17.10) indicates that for a large gain of the amplifier, 
the impedance between the branch point 5 to ground is very low. For 
example, if A=10* and Ry=10° ohms then 2; —10 ohms only. Such a 
low impedance is due to the negative feedback voltage of the OP AMP 
which cancels the input signal at S. In this way by feedback action the 
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point $ tends to keep at ground potential and hence it is called a 
virtual ground. 


17.6 Applications 

An operational amplifier, as the name implies, can be used to 
perform many mathematical operations. Some of these applications are 
discussed below. 


17.6.1 Adder (or Summer) 
In the circuit of Fig. 17.5, the OP AMP is used to obtain an 
output by a linear combination of a number of input signals to the 


Rf 
Ri 


R2 Vout 


Fig. 17.5 
branch point 5. Since а virtual ground exists at the OP AMP input, 
in this circuit the sum of the currents in R, and R, becomes equal 


to the current in Ry. 


or, Vou ——Rr (2+8) оо) 
When R,=R,, 
Tu=- F VASA ы (17.12) 


That is the output voltage is proportional to the sum of the inputs. 
Again it is seen that if, Rj—R,—Rr then, 

Vou — (Р-У) a 519) 

This means the output voltage is the sum of the input voltages 

with an inverted sign. 

The summer of Fig. 17.5 can easily be modified by a large number 

of inputs by connecting one resistor for each additional input. Because 

of the virtual ground, there is a minimum of interaction between the 


266 FUNDAMENTALS OF ELECTRONICS 


individual signal sources. The point 5 where the addition takes place 
is called the.summing point. 


17.6.2 Integrator 
If the feedback resistor Ry is replaced by a capacitor C, as shown in 


Fig. 17.6, the circuit becomes an integrator, i.e., it performs the mathe- 
matical operation of integration. 


Vout 


Fig. 17.6 


Since S is at ground potential we have, 


GaN E 
Ри Y Idt 


Since, I=— 8 we get, 
let 
Vou — — e Vin dt (17.14) 


The output voltage of the amplifier thus becomes Proportional to 
the integral of the imput signal. The integral of the sum of several 
signals may be obtained by using several input resistors. 


17.6.3 Differentiator 


If the resistor R and the capacitor C are interchanged, as shown in 
Fig. 17.7, the circuit becomes a differentiat 


or which gives the time 
derivatives of the input signal. 


Vine— 


Vout 


Fig. 17.7 
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At the summing point we have, 


- d eC Vin) 


dt 
=c Zin = (17:15) 
Again since I= — ш , ме have, by equating 
— Vou _¢ Vin 
n rdi 
NEVER ORAL _ (17.16) 


dt 


Thus the output is proportional to the time derivative of the input. 
If we put the input signal Vi, —sin ot, we get, 


Von СВ Z (sin а) аа se QUU 


Equation (17.17) suggests that the magnitude of the output 
voltage increases linearly with increasing frequency and hence the 
differentiator has high gain at higher frequencies. 


17.7 Differential Amplifier 
The differential amplifier, abbreviated as DIFF AMP, is the 


þasic stage of an integrated OP AMP with differential input. Its 
design is therefore mainly related to IC fabrication techniques. How- 
ever, employing discrete components it is also used in some circuits. 
Generally the function of a differential amplifier is to amplify the 
difference of two signals. Fig. 17.8(a) shows a linear active device with: 


Linear 
active 
device 


Fig. 17.8(a) 


two input signals Йу, Vs and one output signal ош, all measured with 
respect to ground. Fig. 17.8(b) represents the basic differential ampli- 
fier circuit, the two transistors, Q, and О», of which have identical 
characteristics with a common emitter resistor Ёк. The collector load: 
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resistors are also made equal, i.e., Rzı=Rz and the inputs are 
identical, i.e. R, —R, and Y, =V}. 


Q* Vcc 


Fig. 17.8 (b) 
Inan ideal differential amplifier the output signal is proportional to 
the difference between the two input signals. This can be expressed as, 
Vout —A(V,—V3) 
—AVa s+ (17.18) 
where, Va=V,—V, 
and A= the gain of each transistor. 

Equation (17.18), as stated, is for an ideal case. For а practical 
DIFF AMP equation (17.18) is not considered, in general, as the 
"output depends not only upon the difference signal Y; but also on the 
average level, known as the common mode signal. This common mode 
signal can be represented by V; where, 


Ve = $ (Ё-ЕЁ,) з (17.19) 
(i) When the two input signals are equal in amplitude and phase, 
we have,, 
Y,—V,—0 
Vou —A(0) —0 - (17.20) 


(№) When the two input signals are equal in amplitude but 180? 
out of phase, we have, 


Ёү=—Ё,, or, Vy-—Y, 
and then, V%,2=A[V,—(—Y,)] =2АЁ, 908 (177/2 1) 


"Therefore in such differential amplifier the output signal becomes 
twice the gain times the input signal. 
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Read each of the following and provide the appropriate words: : 

(а) A signal applied to the plus input of an OP AMP will be shifted in phase 
180? at the output. (True/False) 

(b) OP AMPs are available in different packages which can be divided into 
two grades, (i) military and (ii) —. 

(c) The output resistance of an ideal OP AMP is —. 

(d) The gain ofa noninverting amplifier is —. 

(e) For a large gain of the amplifier, the impedance between the branch point 
S to ground is very —. 

(f) If the feedback resistor is replaced by a —, the circuit becomes an 


integrator. 
(g) The function of a differential amplifier is to amplify the — of two signals, 


Review Questions 


the characteristics of an ideal OP AMP. 

2. Explain the theory of an OP AMP when the signal is applied to the- 
(a) inverting input and (b) noninverting input separately. 

3. What is meant by ‘virtual ground’ of an OP AMP? 

4. Clearly explain with circuit diagrams the principle of (a) an adder, 


(b) integrator and (c) differentiator. 
5, Define an ideal DIFF AMP. Discuss its theory with suitable circuit diagram. 


1. Write down 


APPENDIX A 
DEFINITIONS, CHARTS, TABLES AND SUNDRY DATA 


l. Definitions К 
„Most of the words have already been defined or explained in the 
earlier chapters with a reference in the index. Some additional 
definitions are given here. 
à A-battery: Battery for supplying power to the filaments. 
This is also known as L. T. battery. 

Absolute value: Refers to magnitude without direction. It 
is designated as | A |. 

A.G./D.G. receiver: Receiver which operates from either 
power source. 

Air-core: Without iron in its magnetic circuit. 

Alternating voltage (or current): Which alternates its 
direction regularly with an average value of zero. 

Amplification: Increase of signal voltage or power. 

Anode: Positive electrode or plate. 

Attenuation: Decrease of the signal voltage or power. 

Audio frequency: Frequency audible to the normal human 
ear. 

Axial leads: Leads from the ends of capacitors, resistors, etc. 

B-battery: Battery for supplying power to the plate and 
screen circuits. This is also known as H.T. battery. 

B-supply: Plate and screen voltage source for an amplifier 
ог a receiver. 

Band: Frequencies be 

Band-pass: Passing only a specific band of frequencies. 

Bass: Low audio frequencies. 

Beating: A periodic variation in the amplitude of an oscilla- 
tion (or sound) resulting from two or more oscillations of different 
frequencies. 

Bias: Application of a voltage to the 
Operating point. 

Bleeder resistor: 


as an additional load in order to provi 
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tween a fixed lower and upper limit. 


grid to get the required 


Resistor used across a voltage source 
de a good regulation. 


272. FUNDAMENTALS OF ELECTRONICS 


Blocking: Cutting off the plate current by a high negative 
bias on the grid. 


By-pass condenser: Allows alternating current to by-pass 
part of a circuit. 

C-battery: Battery for supplying voltage to the grid. This 
is also known as bias battery. 
Carrier wave: Unmodulated wave radiated by a broadcast 
station. 


Cascade: In an amplifier circuit if the output of one valve is 


applied to control the grid circuit of another valve then the 
valves are said to be in cascade. 


Cathode: Negative electrode. 


Cathode current: 
the cathode. 


Choke coil: Inductance. 
Co-axial: Having a common axis. 


Converter: It is that stage of a receiver which converts 
radio frequency to intermediate frequency. 

Co-planar: Same plane. 

Core: Centre of a coil. 

Cross modulation: Modula 
signal by an undesired signal. 


Cut-off frequency: Fre 
increases rapidly. 


Total electronic current passing through 


tion of the carrier of the desired 
quency beyond which attenuation 


Demodulation: A process by which the carr 
is removed and the modulating frequencies retained, 


Dissipation: Loss of electrical energy. 
Drain: To take current from a voltage source. 
Efficiency: Percentage of output to input, 


Electromotive force: It is that force which te 
electric current to flow in а circuit. 


Envelope: It is obtained by 


through the maximum, another thro 
peaks of the wave. 


ier frequency 


nds to cause an 


Passing one smooth curve 
ugh the minimum points or 


Equivalent circuit: A comp 
may be used in calculations, hav 
circuit. 


aratively simple circuit which 
ing the same effect as in actual 
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» c лә Signal voltage applied to the control electrode 
First detector: Same as converter. 
ME ee S of the time period; the number of 
Frequency changer: Same as converter. 
Fundamental frequency: Lowest frequency of a number of 
harmonically related frequencies. 
Generator: It develops either direct or alternating electrical 
voltage at any frequency. 
Gramophone: Also known as phonograph. 
Ground: Conductor serving as the earth. 


Harmonic frequency: The frequency which is the multiple 
of fundamental frequency. Twice the fundamental frequency is 


called the second harmonics and so on. 
Hertz: Cycles per second. 
High level: A relative term indicating the final level of an 


amplifier. 
High-pass filter: A filter which passes all the frequencies 


above a critical value. 
Honeycomb winding: А coil winding in which spaces are 

left between turns so as to give the appearance of a honeycomb. 
Intensity: The strength of a quantity like pressure, voltage 


or current. 
Intermediate frequency: A frequency to which the incoming 


Itered in superheterodyne receiver. 


signal is a 
n which one layer is wound 


Layer winding: A coil winding i 
over the other. 

Lead: Connecting wire. 

Line voltage: Mains voltage, 


lines. 
Litz wire: A conductor composed of a nu 


rately insulated strands. 
Load: A device whi 
Low level: A relativ 
stages of an amplifier. 
18 [eLecrronics] 


i.e., the voltage of the power 


mber of fine, sepa- 


ch absorbs electrical power. 
е term indicating the level of the early 
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Low-pass filter: A filter which passes all frequencies below 
à critical value. 


Lower sideband: The sideband containing all the fre- 


‘quencies below the carrier frequency which hàs been amplitude 
modulated. 


Manual: Adjusted by hand. 


Memory: In computers or recording instruments any device 
in which information is introduced and later extracted. 
Metal-film resistor: À resistor constructed by coating 


temperature insulator, such as quartz, ceramic or mica 
metal film by evaporation or firing. 


a high- 
with a 


Mev: Abbreviation for million electron volt. 


Mho: Reciprocal of ohm. It is the unit 
admittance. 


Microfarad: One millionth of a farad. 


Microphone: An 
ponds to sound waves 


of conductance or 


electro-acoustic transducer which res- 
and delivers equivalent electrical waves. 
Monitoring amplifier: An amplifier designed to amplify 
signals with the minimum distortion. It is used in audio engineer- 
ing to check programme performance or the level of recording 
signals. 


Motorboating: At low audio fre 
oscillation resulting in a noise like those 

Mutual inductor: Inductor 
inductance between two circuits, 

Negative bias: Voltage applied to the control grid of a 
valve to make it negative with respect to cathode. 

Negative electrode: The cathode of a valve. 


Negative glow: In a dischar 
between cathode dark-space and 


quency amplifiers, self- 
of a motor boat, 


used to change the mutual 


ge tube the luminous glow 
Faraday dark-space, 
Negatron: Negative electron, 


Neon: An inert gaseous element with at 
characteristic red glow when ionized. In e 
are extensively used as an indicator and als 


Neon oscillator: Oscillator based o; 
capacitor with some times a resistor in thi 


omic No. 10. It hasa 
lectronics neon tubes 
0 ш voltage regulator, 


n neon lamp and a 
€ Circuit, 


|—— 


Uc Emi cS ml ae бл ий oq RC а... 
ODER ——— е 
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Network: An electrical circuit. A syste i 
> m 
admittances. : PES conn CE 
Network analyser (calculator); Ап 
: assembly of circui 
elements so as to form models of electrical ra Thee at 
widely used to solve problems in power distribution systems 

Node: A point on a stationary wa i i 
m. ry wave which has zero ampli- 

Noise: Undesired electrical disturbance withi 

ithi th 
frequency band. н 

Noise field intensity: Measurement of field intensity of 
electromagnetic waves. 

Noise level: Value of noise integrated over a specified 
frequency range. It is expressed in decibels relative to a standard 
level. 

Nonlinear: Distorted. 

On-off control: А control system of only two choices 

Open circuit: А circuit in which continuity is i 

uity i 
and therefore carry no current. сосе 

Open grid: Floating grid. 

Oscillation: Any quantity is in a state of oscillation when the 
value of that quantity changes continually between maximum 
and minimum values. 

Output stage: The voltage, current or power deli 
circuit at the final stage. ў Ni з 

Parallel circuit: A circuit in which com; i 

cn ponents are in = 
Jel so that the current divides between them. paral 
Parallel digital computer: A digital comput 
; : er wh 
digits are handled in parallel. h коше 

Paschen's law: The p.d. which initiates discharge in 
a gas is the product of the electrode separation and 
pressure. vm 

Phon: Unit of loudness level of sound. 

Photocurrent: An electric current which varies with illumi 
nation. tec 

Potential: The potential at a point is the p.d. between that 
point and earth. 
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Pulse: Variation of a quantity whose value is normally 
constant. The characteristics of a pulse are а rise, a finite duration 
and a decay. 


Q factor: The ratio of reactance to resistance of a coil, 
condenser or resonant circuit. 


Quiescent current: The current flowing to or from an clec- 


trode under specified normal conditions when the signal is absent 
to the input electrode. 


RADAR: Abbreviation of radio detection and ranging. 
Radial lead: A lead at 90? to the axis. 


RF: Abbreviation of radio fr 


equency. It is a frequency at 
which electromagnetic radiation 


is used for telecommunication. 
Root-mean square (r.m.s 

mean (average) value of the s 

taken over a complete cycle. 


Secondary battery: A battery made up of storage cells, 


Secondary emission: Ejection of electrons due to the impact 
of charged particles. 


Self-bias: Bias developed due.to the flow of valve current 


through a resistor in the cathode circuit or through a grid 
resistor in the grid circuit and not by battery. 

Sensitivity of radio rec 
to produce a specified ou 
noise-ratio. í 


Short circuit: An accidental low r 
across part of a circuit causing an excessive 


-) value: The Square root of the 
quares of the instantaneous values 


eiver: Minimum input signal required 
tput signal having a specified signal-to- 


esistance connection 
current flow. 


Sideband: A band of frequencies within 
frequencies of the waves produced by modula 


Signal: An electrical 
varying in some manner. 


Sinusoidal: The form of a sine wave. 
Space current: Cathode current, 


Symmetrical: Having same characteristics for conduction in 
both the directions, 


Tap: Connecting point other than the end. 
Terminal: Point to which connections are made. 


which lie all the 
tion. 


quantity which gives information by 


~ мм — 
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Tolerance: Maximum permissible variation from an assigned 
value. 

Toroidal coil: A coil wound in the form of a toroidal helix. 

Transducer: An electrical transducer is an electrical net- 
work by which energy may flow from one transmission system to 
the other. 

Treble: High audio frequencies. 

Tuner: A device for tuning. 

Two-way communication: Communication between radio 
stations having both transmitting and receiving equipments. 

Unidirection current: Current which may change its value 
but never reverses its direction. 

Voice coil: Moving coil of a dynamic loudspeaker. 

Voltage regulator: An electronic device which regulates the 
voltage across a load. 

VTVM: Abbreviation for vacuum-tube valve voltmeter. 

Whistling atmospherics: _Audio frequency noises due to 
electrical reverberation in the ionosphere. 

Work function (thermoionic): The thermoionic energy 
required to eject an electron from a hot metal. 

X-band: Radar frequencies from 5,200 to 10,900 MHz. 

Yagi acrial: An aerial array which is prototype of most 
television receiving aerial. 

Y-signal: The monochromatic signal in colour TV which 
conveys the intelligence of brightness or of luminance. 


Zero signal: Having no signal input voltage. 


2, Standard Frequencies 

(a) Standard frequency ranges—The final acts of the Inter- 
national Telecommunication & Radio Conferences in 19 47 
proposed the following nomenclature of frequencies. Frequencies 
are expressed in kilocycles per second (kHz) at and below 
30,000 kHz and in megacycles per second (MHz) above that 
frequency. 

(b) Standard intermediate frequencies—It is recommended 
that the superheterodyne receivers operating in the MF band 
use an intermediate frequency of 455 kHz. This frequency is 
reserved in most countries of the world. 


278 FUNDAMENTALS OF ELECTRONICS 


TABLE А.1: Standard Frequency Ranges 


Frequency Frequency Metric 
subdivision range subdivision 


Very Low Frequency below 30 kHz myriametric waves 
(VLF) 


Low Frequency (LF) 30 to 300 kHz 

Medium ^ Frequency 300 to 3000 kHz 
(MF) 

High Frequency (HF) 3000 to 30,000 kHz 

Very High Frequency 30,000 KHz to 
(VHF) 300 MHz 

Ultra High Frequency 300 to 3000 MHz 
(UHF) 


kilometric waves 
hectometric waves 


decametric waves 
metric waves 


decimetric waves 


Pos SES Frequency 3000 to 30,000 MHz centimetric waves 
(SHE 


Extremely High Fre- 


30,000 to 30,0000 
quency (EHF) MHz 


millimetric waves 


The European “Copenhagen Frequency Allocations” pro- 
vide the intermediate frequency in two ranges, viz., 415-490 kHz 
and 510-525 kHz. Ап intermediate frequency of 175 kHz is 
also used sometimes. 

The American RTMA has stan 
intermediate frequencies: (1) 
either 260 or 455 kHz, 


dardized the following 
Standard broadcast receivers— 


(ii) VHF broadcast receivers—10.7 MHz. 
3. Colour Codes 


In fixed composition resistor with axial leads the value of 
the resistance is indicated by bands of colour around its body. 


Fig. A. 1 


Such a resistor is shown in Fig. A.1(a), where, 
Band A is for the first significant figure, 
Band B is for the-second significant figure, 
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Band C is for the decimal multiplier, 


Band D,if any, is for the tolerance hmits about the 
nominal resistance value. 


TABLE А.2: Colour Codes 


Colour Significant Decimal Tolerance 
figure multiplier JA 
Black 0 1 
Brown 1 10 
Red 2 102 
Orange 3 m0? 
Yellow 4 104 
Сгееп 5 105 
Blue 6 106 
Violet 7 107 
Grey 8 108 
' White 9 10? 
Gold zh 103 +5 
Silver z 10 +10 
No colour БЕ ВЕ +20 


For resistors with radial leads the resistance values may be 
obtained in the same way as those for the axial leads. But some- 
times these may also be colour coded as shown 1n Fig. A.1(b), 


where, : 
Body А corresponds to Band А above, 


End B corresponds to Band В above, 
Dot С (or Band С) corresponds to Band С above, 
Band D corresponds to Band D above. 
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AG COUPLED FLIP-FLOP: An edge-triggered flip-flop 
that changes state due to the rise or fall of a clock pulse. It is 
characterized by having a maximum allowable rise or fall time. 

AGGUMULATOR: A register for doing such arithmetic 
and logic functions as addition and shifting. 

ACTIVE ELEMENTS: Those components in a circuit 
which have gain, or direct current flow, such as SCRs, transistors, 
thyristors, or tunnel diodes. They change the basic character of an 
applied electrical signal by rectification, amplification, switching, 
etc. (Passive elements have no gain characteristics. Examples: 
inductors, capacitors, resistors.) 

ACTIVE PULL-UP: Similar to a pullup resistor, except a 
transistor replaces the resistor connected to the positive supply 
voltage. This allows low output impedance without high power 
consumption. 

A-D: Analog-to-digital. 

A-D ENCODER: Analog-to-digital encoder for changing 
an analog quantity to equivalent digital representation. 

ADDER: A switching circuit which combines bits to 
generate their sum and carry. 

ADDRESS: (Noun) A code label that identifies a specific 
location in a computer’s memory where certain information is 
stored. (Verb) Selection of stored information for retrieval from а 
computer's memory. 

AMBIENT TEMPERATURE: The environmental tem- 
perature in which a device operates, €.g., perhaps +150°C in а 
rocket, or —45°C in a remote Arctic weather station, 

AMPLIFIER: A circuit used to increase the power, voltage, 
and/or current level of a signal. 

AND (GATE): If and only if all inputs are true, the output 
is true. 

ARITHMETIC UNIT: The part of a computer that per- 
forms arithmetic operations. 


After Motorola Semiconductor Products, Inc.; edited in November, 1970, 
280 
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ASTABLE: Refers to a device which has two temporary 
states. The device oscillates between the two states with 
a period and duty cycle predetermined by time constants. 
(See bistable.) 1 

ASYNCHRONOUS: Nonclocked operation of a switching 
or logic network wherein the completion of one instruction or 
operation triggers. the next. 

ASYNCHRONOUS INPUTS: The terminals in a flip-flop 
which affect the output state of the flip-flop independently of the 
clock. Called set, preset, reset, or clear. Sometimes these are 
referred to as dc inputs. 

BAR: À symbolization of the inverse or complement of a 
logic function. (See Q and Q—read as Q-bar.) 

ВОР: Binary-coded decimal. 

BINARY: A numbering system using only two symbols: 


0 and 1. 

BINARY-CODED DECIMAL (BCD) representation: A 
system of representing decimal numbers. Each decimal digit is 
represented by a combination of four binary digits (bits). 

BINARY COUNTER: Flip-flops connected in cascade to 
inary counting. Four flip-flops have a counting capa- 
or 16: five cascaded flip-flops have a capacity of 25 
Also called binary scaler.) (Also see counter and ring 


perform b 
city of 25 
or 32, etc. ( 


counter.) Dp : 
BINARY LOGIC: Digital logic elements operating with two 


distinct states called true and false or high and low or on and off 
or 1 or 0. In computers the two states are represented by two 
different voltage levels. 

BINARY-TO-1-OF-8 LINE DECODER: This digital func- 
tion takes three input lines with eight possible states and decodes 
them internally, enabling only the one output line which cor- 
responds to that particular combination of the three inputs. 

BI-QUINARY COUNTER: A 4-bit counter capable of 
divide-by-two, divide-by-five, or divide-by-10 functions. 

BISTABLE: A logic device that has two stable states. The 
flip-flop is an example of the bistable element. (A device with 
two temporary states js an astable device.) The flip-flop can be 
caused to go to either of the two states by input signals, but 
remains in that state after the input signals are removed. (See 


astable.) 
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BIT: An acronym for binary digit. In the binary numbering 
System, each of the two marks 0 and 1 is called a binary digit, or 
bit. The decimal number 39, converted to a binary number, 
becomes 100111 and is made up of six 0 or 1 marks, or six bits. 


А. bit is the smallest divisible amount of information that can be 
stored in a flip-flop. 


BLOCK DIAGRAM: A geometric drawing of the basic 


units in a circuit, interconnected by straight lines indicating 
current flow, signal flow, etc. 


BOOLEAN ALGEBRA: A logical calculus, 


mathematician George Boole, using alphabetic symbols to stand 
for logical variables and 0 and 1 to represent states. (AND, OR, 
and NOT are the three basic logic operations in this algebra. 
NAND and NOR are combinations of the three basic operations.) 
BUFFER: A digital circuit element used to increase fanout 
(the number of outputs a circuit can drive) 
or output levels for si 
amplifier stage. 


named for 


or to convert input 
gnal-level compatibility. Also, any isolating 


BUS (LINE): A connection line for distribution 
power supply, or ground. 

CASCADABLE COUNTER: A logic counting 
has the necessary connections available to 
of more than one counter in series thus inc 
of the counter sybsystem. (See cascading.) 

-CASCADING: Placing of two or 
the output of one being connected to th 


of signals, 


block that 
allow the operation 
reasing the modulus 


more circuits in series, 


€ input of the next in 
the series. 
CENTRAL PROCESSING UNIT (CPU): The arithmetic 
and control portions of a computer. 


CHIP: A tiny piece of semiconductor material scribed or 
etched from a semiconductor slice on which one or more electronic 
components are formed. (Also called die.) 


CLEAR: To return a memory or sto 


rage element to its 
"standard" state, usually 0. Also called reset. i 


CLOCK: A pulse generator or signal waveform which 
synchronizes the timing of switching circuits and memory in a 
digital computer system. It determines the speed of the CPU. 
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CLOCKED: A term that refers to gating that is added to a 
basic flip-flop. This gating permits the flip-flop to change state 
only when a change in the clocking input or an enable level of the 
clocking input happens to be present. 

CLOCK INPUT: That terminal on a flip-flop whose condi- 
tion or change of condition controls the admission of data into a 
flip-flop through the synchronous inputs and thereby controls the 
output state of the flip-flop. The clock signal performs two func- 
tions: (1) it permits data signals to enter the flip-flop; (2) after 
entry, it directs the flip-flop to change state accordingly. 

CLOGK RATE: The speed (frequency) at which the major 
portion of a computer ог logic element operates, determined by 
the rate at which words or bits are transferred from one internal 
element to another. Clock rate is expressed in megahertz (if a 


parallel-operation machine: words; if a serial operation machine: 
bits). i oh j 
CML: Current-mode logic, in which transistors operate in 


the unsaturated mode. This logic has ultra-fast switching speeds 
and low logic swings. (Also called ЕСТ, or MECL.*) 
CMOS(COMPLEMENTARY MOS): With extra diffusions,, 
a circuit with both P- and N-channel FETs on the same MOS 
КОО, CMOS, complementary metal-oxide-semiconductor logic, 
is designed to have extremely low power dissipation (essentially 
zero during stand-by) making it especially useful for remote 
applications where power is expensive. Other attributes: high 
noise immunity, high fanout, full power-supply logic swings, 
and ready acceptance of a wide range of power supplies. 
COMPARATOR (DIGITAL): Used to check to see if both 
input words are identical, in which case EXGLUSIVE-NOR 
or coincidence gates can be used. Additional logic may also be 
added to indicate if one word is greater than or less than the other. 
COMPARATOR (LINEAR or ANALOG): A device that 
compares an input voltage with a reference level. The output 
may indicate greater than, less than, or even equal to. 
COUNTER: (1) A device capable of changing states in a 
specified sequence upon receiving appropriate input signals. 
(2) А circuit which provides an output pulse or other indication 


after receiving a specified number of input pulses. 


CPU: See central processing unit. 
CURRENT-MODE LOGIC: See CML. 


* Trademark of Motorola Inc. 
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CURRENT SINKING LOGIC: A logic family їп which 
fanout is limited by how much Current can sink through the 
output to ground, e.g., DTL and TTL. 


D-A: Digital-to-analog. 


D-A DECODER: Digital-to-analog decoder for changing a 
digital word to an equivalent analog value. 


DC AMPLIFIER: A direct-coupled multistage amplifier, 
which is highly desirable for designing integrated circuits because 
reactive components, such as inductances and high-value capa- 
citances used for coupling, are difficult to fabricate. 


DC FLIP-FLOP: Clocking is accomplished by an input 
voltage level rather than by a clock waveform edge. Clocking 
may be done by very slowly changing waveforms. 


DCTL: Direct-coupled transistor logic, the first logic form 
that was considered for integrated circuits, (RTL is СТІ, modi- 
fied by the use of resistance coupling.) 


DECADE COUNTER: A logic device that has 10 stable 
states. The device may be cycled through these 10 states with 
10 clock or pulse inputs. A decade counter usually counts in a 
binary sequence from state 0 through 9 and then cycles back to 0. 
It is sometimes referred to as a divide-by-10 counter. 

DECODER: A unit that translates a combination of signals 


into a single signal representing that combination. Often used to 
extract information from a complex signal. 


mum amplitude. (Vote: Can be measured from 50% to 50% 
asured from 


DEMULTIPLEXER: A circuit which directs information 
from a single input to one of several outputs in a specific sequence 
determined by the information applied to the control inputs. 


CE n 
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D FLIP-FLOP: D stands for delay. A D fli i 

1 f і у. A D flip-flo 

Саа: is a function of the input which рг 6, Sino RUN 
e.g., if a 1 appeared at the input, the o t c } 
pulse will be a 1. p арш 


DIFFERENTIAL AMPLIFIER: A circuit i 
. A 1 i 
fies the difference of potential between two input pd es 


J DIFF ERENTIAL COMPARATOR: A circuit usi 
differential-amplifier design techniques to compare an Eus 
voltage with a reference voltage. When the input voltage is wae 
the reference, the circuit output is in one state; when the in "i 
voltage is above the reference, the output is in the opposite mn 
Commonly used for pulse amplitude detector circuits A-D 
conversion, and differential twisted pair line receivers for dat 
transmission in noisy environments. 2а 

DIFFUSION i cus process by which minute amounts 
of impurities are deliberately impregnated a EPA Н 
semiconductor material. and distributed into 
DIGITAL CIRCUIT: A circuit which operates like a switch 
and can make logical decisions. It is used in computers or simil. 
decision-making equipment. The more common families of di ital 
integrated circuits (called logic forms) are RTL, DTL nol 
EGL, and TTL. H > 
DIGITIZE: The translation of a quantitati habui 
linto a coded numerical equivalent. аш Еп 
DISCRETE GIRGUITS: Circuits built of separate, indivi- 
dually manufactured, tested and assembled electronic ушш 
nents (transistors, diodes, resistors, etc.). ў po- 
DIVIDE-BY-16 GOUNTER: A logic device, containing four 
flip-flops, that will count from the binary number 0 through 15 
and then recycle to 0. All 16 states of the four flip-flops are used 
Sometimes referred to as a hexadecimal counter. ER, 


DOT: A dot, or bubble, drawn on the in i 
to indicate the active signal input is a DUE NA T 
a dot indicates a positive active signal. i UR 

DOT-AND: Externally connecting separate circuits or fu 
tions so that the combination of their outputs results in an AND 
function. The point at which the separate circuits are wired 
together will be a 1 if all circuits feeding into this point are 1 
(Also called wired-AND.) ^i 
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DOT-OR: Externally connecting separate circuits or func- 
tions so that the combination of their outputs results in ‘an OR. 
function. The point at which the separate circuits are wired to- 
gether will be 1 if any of the circuits feeding into this point are 1. 
(Also called wired-OR). 

DRIVER: A device in a logic family that can be controlled 
with normal logic levels while its output has the capability of 
sinking or sourcing high current. The output may control a 
lamp, relay, or a very large fanout of other logic devices. Also a 
device “driving” a higher output device or transistor by sup- 
plying power, voltage, or current to it. 

DTL: Diode-transistor logic. The logic is done by diodes; 
the transistors are used as inverting amplifiers. 

DUAL IN-LINE (PACKAGE): A container for a circuit, a 
package, having two parallel rows or lines of leads. This 
facilitates automatic insertion of the integrated circuit package on 
the assembly line. 4 

DYNAMIC SHIFT REGISTER: A shift register that stores 
information using temporary charge-storage techniques. This 
results in simple register design, thus allowing the production of 
large, inexpensive shift registers. The major drawback of this 
technique is that the information is lost if the clock repetition rate 
is reduced below a minimum value. 


ECL: Emitter-coupled logic, an unsaturated logic performed 
by emitter-coupled transistors. It was developed to achieve the 
ultra-high speeds required by advanced computers, unattainable 
with saturated logic circuits. 

EDGE-TRIGGERED FLIP-FLOP: Chan 
during clock transition. 

ELEMENT: A part of an integrated circuit which contri- 
butes directly to its electrical characteristics. An active element 
exhibits gain, as a transistor; a passive element does not have 
gain, such as a resistor or capacitor. 

EMITTER-GOUPLED LOGIC: See ECL. 

ENCODER A unit which chan 
combinations of outputs. 

EXCLUSIVE-NOR (GATE): If one and only one of the 

-inputs is true the output is not true. 

EXCLUSIVE-OR (GATE): If one and on 

is true the output is true. 


ges state only 


ges discrete inputs into coded 


ly one of the inputs 
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EXPANDABLE GATE: A logic i 
| : gate for which the numb 
of t be ex 7 1 iti Ж 
И cu 3 can be expanded by the simple addition of an expander 
EXPANDER: A logic block which can be easily connected 
to an expandable gate to increase the number of available losi 
inputs. n 
FAN-IN: The number of inputs connected to a gate. 
FANOUT: The number of loads connected to a gate. 
FANOUT (maximum): The worst-case number of loads 
а circuit can drive. 
FLAT PACK: A description of a slab-shaped ( flat) i 
ted circuit package (pack). кошы 
FLIP-FLOP: A digital circuit used to store info 1 
flip-flop has two stable states: 0 or 1. When the flip-flop is; Е 
one of these states, it remains in that state until the an: licati ү 
of a control signal causes it to “flip” or "flop? to the Ag. ES 
(0 or 1). Among the many kinds of flip-flops are delay (D) satay 
(J-K), set-reset (R-S), and toggle flip-flops. } d 
FREQUENCY DIVIDER: A counter having a gating struc- 
ture added to it for providing an output pulse after receiving a 
specified number of input pulses. s 
FREQUENCY SYNTHESIZER: A fre i 
І : : quency-generatin 
circuit that can produce a multitude of output е Гог i 


single input frequency. 


FULL ADDER: A logic device which will add two bina 
bits, taking into consideration the possible carry from a лөп, 
addition. Sum and carry outputs are provided. 

FULL SUBTRACTOR: А device which can take the differ- 
ence of two input bits, also subtract a borrow from. those bits 
and provide the difference and borrow outputs. 5 

FUNCTION: A word description of what a given circuit does 

GATE: А ditital logic element with usually one output 
and many inputs, designed so that the output is enabled оп] 
when certain input conditions are met. The circuit then rate y 
or passes, the desired signal. d 

GATED: The action in which data may be either passed or 
blocked along some path, depending on the level of a control 
input to the “gating” logic. : 
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GRAY CODE: А binary code in which each number differs 
from the sequential numbers in one place—and in that place it 
differs by one unit. 

HALF-ADDER: A logic element which will 
bits. It has no provision for addin 
addition. (See full adder.) 


HARDWARE: The physical components о! 
system. (Software is the term used to describe 
instructions for a computer.) 

HEAT SINK: A mounting base for semiconductor devices, 
usually metallic, which serves to dissipate, carry away, or radiate 
into the surrounding atmosphere heat which is generated within 
а device. The device's package itself often serves as a heat sink 
for the semiconductor chip, but, for higher power devices, a 


separate heat sink on which one or more packages are mounted is 


required to prevent overheating, and subsequent destruction, of 
the semiconductor junctions. 


HEXADECIMAL COUNTER: See divide-by-16 counter. 
HEX INVERTER: Six logic inverters in a single package. 


HTL: High-threshold logic, developed as the economical 
answer to the need for shielding circuitry from electrical noise ina 
system. : - 


HYBRID CIRCUIT: Someti 


add two input 
g in the carry from a previous 


f a computer or a 
the programs and 


Most FM broadcast-band 
F amplifier is 
stage and selectivity, both of which 
t higher operating frequencies, 
OT-AND or WIRED-AND: The 
and only if all outputs are true. 


IMPLIED-AND or D 
combined outputs are true if 
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IMPLIED-OR or WIRED-OR: The combined outputs 


are true if one or more of the outputs is true. 


INHIBIT: To prevent an action or acceptance of data by 
applying an appropriate signal to the appropriate input (generally 
a logic 0 in positive logic). 


INPUT: The signal (current, voltage, or power) fed into a 
circuit. Also, that point (terminal) at which the incoming signal 
is applied. 

INTEGRATED CIRCUIT (ІС): An integrated circuit is a 
tiny electrical device that is built into a single package and per- 
forms a complete circuit function. It replaces a given number of 
transistors, diodes, resistors, and capacitors that would be needed 
to perform the equivalent function. 


INVERTER: A device that complements a logic variable, 
i.e., changes the logic levels from high to low or low to high. 


(Also called a WOT circuit.) 


J-K FLIP-FLOP: A flip-flop having two inputs designated 
J and К. At the application of a clock pulse, a 1 on the J input 
and a 0 on the K input will set the flip-flop to the 1 state. Alon 
the K input and a 0 on the J input will reset it to the 0 state. 
1s simultaneously on both inputs will cause the flip-flop to change 
state regardless of the previous stage; 05 simultaneously will 
prevent change. 

JUNCTION: A boundary between JV-type and P-type semi- 
conductor material. 

LARGE-SCALE INTEGRATION (LSI): A large number 
of interconnected integrated circuits manufactured simulta- 
neously on a single slice of semiconductor material (usually over 
100 gates or basic circuits, with at least 500 circuit elements). 


LATCH: A very simple logic storage element. The most 


i i - Jed logic gates which store a pulse 
E ар until the other input is pulsed, thus 
storing the complementary information in the latch. 

LATCH VOLTAGE: The effective voltage on an input at 
which a flip-flop switches to its opposite state. 

LEAD: One of the wires or pins on the outside of a semi- 
conductor device, used to connect the device with a circuit. 


19 [ELECTRONICS] 
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LINEAR (or ANALOG) CIRCUIT: The linear circuit 
operates directly on a continuous electrical signal to change the 
signal's shape, increase its strength, or otherwise modify it for а 
Specific end function. Typical linear circuits are operational 
amplifiers, differential amplifiers, sense amplifiers, regulators and 
multipliers, etc. Normally the output is some continuous (linear) 
function of the input and the device does not operate in saturation. 


LINE DRIVER: An integrated circuit specifically designed 
to transmit logic information through long lines, normally several 
feet or more in length. 


LINE RECEIVER: Used in conjunction with a line driver 
to detect signals at the receiving end of a long line. 


LOGIC: A means of solving complex problems through the 
use of symbols to define basic concepts. (The three basic logic 
symbols are AND, OR, and NOT, NAND and NOR are combi- 
nations of the logic operations which those three basic symbols 
represent.) 


LOGICAL OPERATIONS: Non arithmetical operations, 
such as selecting, searching, sorting, matching, comparing, etc, 


LOGIC LEVEL: One of two possible States, or levels: 0 or 1. 


LOGIC DIAGRAM: A drawing which represents the logi- 
cal functions and AND, NAND, etc. 


LOGIG SWING: The voltage difference between the two 
levels representing logical 1 and 0. . 


LSB: Least significant bit; the lowest weighted digit of а 
binary number. 


LSI: See large-scale integration. 


MAIN FRAME: The central processing unit of а computer 
plus the input/output unit and the random-access and read-only 
memories. The main frame is the computer without peripherals. 


MAJORITY GATE: If more than half the number 


1 t of inputs 
are true the output is true, otherwise the output is false 


MASTER/SLAVE FLIP-FLOP: A normally synchronous 
flip-flop which stores information in a master section on the one 
clock edge or level and transfers it to the slave section on the 
next clock edge or level. 


| 
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METAL-OXIDE-SEMICONDUCTOR: A circuit in which 
the active region is a metal-oxide-semiconductor sandwich. 
The oxide acts as the dielectric insulator between the metal and 
the semiconductor. (See MOS.) 

MIGROCIRCUIT: Another name for integrated circuit. 

MICROELECTRONICS: Refers to circuits built from 
miniaturized components and includes the broad category of 
integrated circuits. 

MICRON: One-millionth of a meter. 

MICROSECOND: One-millionth of a second. 

MIL: One-thousandth of an inch. 

MILLISECOND: One-thousandth of a second. 


MINIMUM TOGGLE FREQUENCY: The guaranteed 
minimum toggle frequency of a flip-flop. The maximum toggle 
frequency for a typical device is usually about 20%, higher. 

MONOLITHIC: Refers to the single slice of silicon subs- 
trate on whicli an integrated circuit is built; hence, monolithic 
integrated circuit. 

MONOSTABLE MULTIVIBRATOR: A logic element 
which has two states, one of which is stable and the other tem- 
porary. À monostable may be triggered into the temporary state 
where it will remain for a predetermined period of time before 
reverting to the stable state. 

MOS: An acronym for metal-oxide-semiconductor. It is one 
of the solid-state technologies used for the fabricating of large 
low-cost memories with very high input impedance. The За. 
tor used is an oxide of the semiconductor substrate material. 
(Ste metal-oxide-semiconductor.) 

MSB: Most significant bit; the highest weighted digit of a 
binary number. 

MSI: Medium-scale integration. (See LSI.) Smaller than 
LSI, but having at least 12 gates or basic circuits with at least 
100 circuit elements. 

MULTIPLEXER (ANALOG or LINEAR): A Als 
that can be used to select one out of a multiple number of inputs 
and switch its information to the output. The Output voltage 
follows the input voltage with a small error. Field-effect and MOS 
devices are frequently used in this application, 
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MULTIPLEXER (DIGITAL): A device that can select one 
of its multiple inputs and pass that input logic level on to the 
output. Analog data cannot be handled (only digital information). 
Input channel select information is usually presented to the 
device in binary weighted form, and decoded internally, selec- 
ting the proper input. The device acts as a single-pole, multi- 
position switch that will pass digital information in only one 
direction. 

MULTIPLEXING: The combining of a number of data 
lines into a single channel. Multiplexing has already reduced 
the tons of communications wiring normally used in modern jet 
liners to a single-wire system in the new 747s. (See multiplexer.) 

MULTIPLIER, FOUR-QUADRANT: The linear, four- 
quadrant monolithic block that can multiply, double frequency, 
perform control functions, modulate, demodulate ...... provide 
the correctly signed product for all four possible combinations of 
positive and negative values of its two inputs. The versatile 
four-quadrant multiplier can perform any function that can be 
expressed mathematically as the product of two quantities, 
generating such arithmetic functions as products, 
quotients, and square roots. 

MULTIVIBRATOR: A two-state device. ( 
multivibrator.) 
MUX: Multiplex. : 
NAND (GATE): An AND circuit that delivers and inverted 
output signal. j 
NANOSECOND (№5): One-billion 
оа (NS) th of a second, or one 
ыз the I sate, к 
ер ‚ (Positive logic is that in which the 
more positive voltage stands for the 1 state.) 
NEGATIVE j 
voltage regulator е слотов А negative 
ant negative output voltage 


(minus with respect to ground), even with wide input voltage 
changes or variable output loading. 


2 NOISE: Extraneous signals, any disturbance, which causes 
interference with the desired signal or operation. 

NOISE IMMUNITY: How 
circuit has to triggerin, 
signals or noise. 


Squares, 


See monostable 


much insensitivity a logic 
8 Ог reaction to undesirable electrical 
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NOISE MARGIN: The amount of voltage of extraneous 
signal which.can be tolerated before a circuit’s output voltage 
deviates from the allowable logic voltage levels. 

NOR (GATE): An OR circuit that delivers an inverted 
output signal. 

NS: An abbreviation for nanosecond. 


JV-TYPE: A semiconductor may be one of two types: N-type 
means that an excess of negative charges are present; P-type 
semi-conductor has an excess of positive charges. 

OCTAL NUMBERING SYSTEM: One which uses num- 
bers with the radix (base) 8. 

OFFSET: In digital circuits, offset is the d.c. voltage on 
which a signal is impressed. In a linear amplifier, offset is the 
input voltage change needed to cause a zero output voltage. 

ONE-SHOT: A monostable device which when triggered 
by an external pulse or level will switch into the temporary state, 
holding the output at a given logic level until a predetermined 
time delay is up. At this time the output will revert to its stable 


state. 

OP AMP: See operational amplifier. 

OPEN-LOOP GAIN: The gain of an amplifier with no 
external feedback. 

OPERATIONAL AMPLIFIER: An amplifier having high 
d.c., stability and high gain, high input impedance and low output 
impedance. Its operating characteristics are a function of external 
feedback components. They are used in such analog functions as 
summing amplifiers, integrators, function generators, gain blocks, 
etc. They are a common linear IG building block used in many 
systems applications. . 

OR (GATE): If one or more inputs is true the output is 
true. 

OXIDATION: A chemical reaction in which a thin portion 
of the surface of a silicon wafer or slab is converted to silicon 
dioxide. In general, the conversion of any element to its oxide. 

PACKAGE: The metal, ceramic, or plastic protective hou- 
sing (cover) which encloses а semiconductor device or function. 


PACKAGE COUNT: The number of packaged circuits 
within a subsystem or system. 
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PARALLEL OPERATION: Type of information transfer 
whereby all digits of a word are handled simultaneously, each bit 
being transmitted on separate lines in order to.speed operation, 
as opposed to serial operation in which the bits are transmitted 
one at a time along a single line. 


PARAMETER: A definable, stated constant, electrical 
characteristic of a device. 

PARASITIGS: Stray reactances or elements associated with 
the desired components diffused into an integrated circuit. 
Such parasitics may consist of capacitances, resistances, diodes or 
transistors effectively in series or in shunt with the diffused com- 
ponents. They tend to limit the performance of the desired 
components in a circuit unless compensated for in device and 
circuit design. 

PASSIVE ELEMENTs: Those components in a circuit 
which have no gain characteristics, such 
and inductors. (See active elements.) 

PCB: Printed circuit board. - 

PHASE DETECTOR: A circuit that 
signal indicating the relative phase, or timin 
input signals. It is often used to operate a vol 
lator, thus keeping it synchronized with a г 
called phase discriminator.) 


PHASE-LOCKED LOOP (PLL): A closed-loop electronic 
servo mechanism whose output will lock onto and track a re- 
ference signal. Phase lock is accomplished by comparing the 
phase of the output signal (or multiple thereof ), with the phase of 
the reference signal. Any phase difference between these two 
Signals is converted to a correction voltage that changes the 
phase of the output signal to make it track the reference, 

PICOSECOND (PS): One-thousandth of a 

PLL: See phase-locked loop. 

POSITIVE LOGIC: Logic in whic 
tage stands for the 1 state. The less 
0 state. (Negative logic is that in 
represents the 1 state.) 


POSITIVE VOLTAGE REGULATOR: A positive voltage 
regulator operates from а plus supply voltage (referenced to 


ground) and keeps a constant positive output voltage even with 
wide changes in either input voltage or in output loading. 


as capacitors, resistors, 


provides ап output 
g difference between 
tage-controlled oscil- 
eference signal. (Also 


nanosecond, 


і ch the more positive vol- 
positive voltage represents the 
which the less positive voltage 
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PRINTED CIRCUIT: A substrate i 

. R а on which a predeter- 

mined. patt f iri i Boll 

min ern of printed wiring and printed elements has been 
PROGRAMMABLE GOUNTER: Also called modulo N 

counter as it can be logically programmed to.count to any numb 

from 0 to its maximum possible modulus. * F 


f PROPAGATION DELAY: The time difference between the 
application of a signal to a particular system or circuit and its 
appearance at the output of the system or circuit. ‘ 


P-TYPE: A semiconductor may be one of two types: P-type 
semiconductor has an excess of positive charges; V-type means that 
an excess of negative charges are present in the semiconductor. 


PULLDOWN RESISTOR A resist 
tive voltage or ground. Ber SEONG CEES aee 
PULLUP RESISTOR: A resistor connected to a positive 


supply voltage. 
PULSE: A brief voltage or current surge of measurable 


duration (called pulse width or pulse length) and magnitude (called 


pulse height or pulse amplitude). 
PULSE-TRIGGERED BINARY: A flip-flop that will 


change state when a pulse or waveform of short duration is 


applied to the input. 
Q OUTPUT: The reference output of a flip-flop. When this 
he flip-flop is said to be in the 1 state; when it is 0, the 


output is 1, tl 
е 0 state. 


output is said to be in th 
OUTPUT: The second output of a flip-flop 
logic level to the Q output. | 


0, (Q-bar) 
It is always opposite in 

QUAD LATCH: A group of four flip-flops, each of which 
“true? or “false” level, and that are all normally 
ontrol line. When the flip-flops аге all 
be stored in each of them. 


can store a 
enabled by a single c 
enabled, new data may 
QUIESCENT DISSIPATION: The power dissipated by a 
circuit when no dynamic signals are applied to the inputs or 
activating the circuitry. 

memory. 


RAM: See random access 
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RANDOM ACCESS MEMORY (RAM): A memory that 
has the stored information immediately available when addressed, 
regardless of the previous memory address location. As the 
memory words can be selected in any order, there is equal access 
time to all. 

READ-ONLY MEMORY (ROM): A memory which per- 
mits the reading of a predetermined pattern of 0s and 1s. This 
predetermined information is stored in the ROM at the time of 
its manufacture. A ROM is analogous to a dictionary, where a 
certain address results in predetermined information output. 
The information is available at any time, but it can not be modi- 
fied during normal system operation. 

READOUT: The manner in which a computer displays the 
processed information. May be digital, visual display, punched 
tape, punched cards, automatic typewriter, etc. 

REGISTER: Ashort-term storage circuit whose capacity is 
usually one computer word. Certain variations may also include 
provisions for shifting, calculating, etc. (See static shift register, 
or dynamic shift register.) 

REGULATOR: A regulator is a device used to maintain а 
desired output voltage or current constant regardless of normal 
changes to the input or to the output load. 

RELIABILITY: The measure ofa devic 
without failure over a period of time. 

RESET: To return a memory or Storage element to its 
"standard" state, usually 0. Also called clear. 

RF AMPLIFIER: Ап RF amp 


plifier normally operating at a hi 
intermediate-frequency amp 


e’s ability to function 


lifier is a radio-frequency am- 
gher frequency than an IF or 


1 amplifier. It is used for signal isolation, 
to provide gain for the signal so that it is amplified above the noise 


level, and to provide input selectivity to a receiver. 'The RF stage 
is normally the first stage of amplification in a radio receiver. 

RING COUNTER: A sequential closed loop of flip-flops. 
A pattern of binary bits is shifted around the loop (ring) by a 
common clock. There are usually n (equal to the number of 
flip-flops) unique states or counts. A ring counter is often used to 
control a sequence of n events. 

RIPPLE: Serial transmission of data, corresponding to the 
way a row of dominoes falls after the first domino has been felled. 

ROM: See read-only memory. 
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R-S FLIP-FLOP: A flip-flop consisting of two cross-coupled 
NAND gates having two inputs designated R and 5. А 1 on the $ - 
input and 0 on the R input will reset (clear) the flip-flop to the 
0 state; 1 on the R input and 0 on the S input will set it to 1. It is 
assumed that 05 will never appear simultaneously at both inputs. 
If Бов лав have 15, it will stay as it was. 1 js considered non- 
activating. 

R-S-T FLIP-FLOP: A flip-flop having three inputs: R, S, 
and T. It works as the R-S flip-flop except that the T input is 
used to cause the flip-flop to change states. 

RTL: Resistor-transistor logic, developed to overcome the 
problem of variations in the base-emitter voltage of DCTL, the 
forerunner of RTL. In RTL, the logic is done by resistors, while 
the transistors are used to amplify and obtain an inverted output 
from any positive input. 

SATURATED LOGIC: A form of logic in which one output 
state is the saturation voltage of a transistor, e.g., resistor-transis- 
tor logic (RTL), diode-transistor logic (DTL), and transistor- 
transistor logic (TTL). (See unsaturated logic.) 

SCHEMATIC: A diagram of a circuit in which symbols are 
used:to stand for the circuit’s basic components. 

SCHMITT TRIGGER: A binary circuit that can take a 
slowly changing input waveform and convert it to an output 
waveform which has sharp transitions. Normally hysteresis is 
present between an upper triggering and a lower triggering level. 
SCHOTTKY BARRIER: A simple metal semiconductor 
interface which exhibits nonlinear impedance. 

SEMICONDUCTOR: Materials may be classified as one of 
three types by resistivity—low resistivity materials are called 
conductors; very high resistivity materials are called insulators or 

jals with intermediate resistivities are called 
Е manium and silicon. 

SERIAL OPERATION: Type of information transfer 
within a digital computer whereby the bits are handled sequen- 
tially rather than simultaneously, as 1n parallel operation. Serial 


operation is slower than parallel operation, but utilizes less 
E E ): An input on a flip-flop used to 
frect the Q output: 2 "is input through which signals can be 
HR vide 0. from 0 to 1. It cannot get 
Q to go to 0. 


output to g0 
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SHIFT REGISTER: A digital storage circuit which uses a 
chain of flip-flops to shift data from one flip-flop to its adjacent 
flip-flop on each clock pulse. Data may be shifted several places 
to the right or to the left depending on additional gating and the 


mic shift register and Static shift register.) 


SINGLE-SHOT MULTIVIBRA 
tivibrator which, after being triggere 


will “Нор” back by itself to the stable 
of time. 


SKEWING: Refers to time delay or offset between any two 
Signals in relation to each other. 

SLEW RATE: The Maximum $ 
can be driven from one limit of the 

SLICE: A single wafer 
Silicon ingot to form the thin 
are fabricated. After process, 
hundreds or thousands of semiconductor dice. 

STATE: The logic 0 or 1 Condition of 

STATIC SHIFT REGISTER: A shift register that uses logic 
flip-flops for storage. The technique in integrated form results in 
larger storage cell size and therefore shorter «рр 
Its primary advantage is that information will be retained as long 
as the power supply is connected to the device 
rate is not required; in fact, it can 

SWITCH-TAIL RING COUNTER: A type of ring counter 
where one stage has its output inverted bef 


ore providing an input 
umber of states equal to 2n (з is equal 
to the number of flip-flops) i 


TOR: A monostable mul- 
d to the quasi-stable state, 
State after a certain period 


реса with which an output 
dynamic range to the other, 
Or slab, one 
Substrate on 


а circuits output, 


Very five counts, Decoding of all 10 
gates, 
SYNCHRONOUS OPERATION: T} 


flop having only one input. A Pulse 
appearing on the input will cause the flip-flop to change States, 


GLOSSARY OF INTEGRATED CIRCUIT TERMINOLOGY 299 


THRESHOLD VOLTAGE: That input voltage level at 
which a binary circuit goes from one logic level to the other, e.g., 
0 to 1, or 1 to 0. 

TOGGLE: To switch back and forth between two states, 
as in a flip-flop. (Like a toggle switch.) 

TOGGLE FLIP-FLOP: See flip-flop. 

TRIGGER: A timing pulse which initiates logic circuit 
operations. 

TRUTH TABLE: A tabular chart which lists all the possible 
combinations of the inputs and outputs of a circuit. ; 

TTL (T2L): Transistor-transistor logic, which was evolved 
from a desire for more speed than was possible with DTL. DTL 
was modified by replacement of the diode cluster with a multiple- 
emitter transistor. 


TWO-PHASE DYNAMIC: Dynamic logic circuits using two 


clock signals to control the progress of information through the 


circuit or logic system. 

UNSATURATED LOGIC: A form of logic with transistors 
operated outside the saturated region, e.g.: current-mode logic 
(CML) and emitter-coupled logic (ECL). (See saturated logic.) 

UP-DOWN COUNTER: A counter which can count in 
either an ascending or descending order. 

VOLTAGE COMPARATOR: A circuit that compares two 


analog voltages and generates a logic output when the two vol- 
tages are equal or one is greater or lesser than the reference. 


(See comparator.) 

VOLTAGE REGULATOR: A circuit which keeps an out- 
put voltage at a predetermined value, or which varies the voltage 
according to a predetermined plan, regardless of normal voltage 
changes to the input or impedance changes in the output load. 

WAFER: The thin slice or flat disc of silicon sliced from a 
silicon ingot, on which integrated circuits and other tidie 
devices are simultancously fabricated. (Also see slice.) 

WIRED-AND: See DOT-AND. 


WIRED-OR: See DOT-OR. 


APPENDIX С 


MISCELLANEOUS HARDER PROBLEMS 
Emission of Electrons 


ament ] cm long and 1 cm diameter. The 
material is 19. 


Filament Details 


Filament 
Tempera-| Heating Resistance| Current Voltage | Emission Evapora- 
ture watts Rf If У; current | tion M’ in 
W grams/ 
cm?2/s 
и 
2600°K | 263.0 W 98.66 x 1632 A 161.1x 2.76 x 10-8 
10-5 Q 


10-3y 


2. A certain thoriated-tungsten filament o 
gave a saturation current of 85 mA, 
current for a pure-tungsten filam 
at 2,500°K. The Dushman consta; 

For thoriated tungsten, A 


For pure tungsten, 


nts are: 


=30,500°K 
5 5—52,400*K. 


(Ans. 21.8 mA) 
3. Calculate the space-charge-limited current 


density bet. 
part when the voltage а (ж. 


У Sreat as t 
operating temperature was 1,600°K. rf this Bi 2. 8 А | 
would the work function of the filament materia] rn t 


D (Ans. 5 V) 
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5. Two diodes each have an anode 4 mm in diameter and 
2 cm long, but one of them has a filament 0.1 mm in diameter, 
while the other has an indirectly-heated cathode 1.5 mm in 
diameter. Calculate the space currents flowing in each valve 
when the anode voltage is 25 V. (Ans. 17 mA, 41 mA) 


Circuit Theory 


6. A coil of inductance 88 pH is placed in series with a 4.8 Q 
resistor. The combination is connected in parallel with a 375 pF 
(i.e., 375 uF) capacitor. Calculate the frequency of the circuit for 
which the effective impedance is a pure resistance. 

(Ans. 876.4 kHz) 


7. A series L, C, R circuit, with R=4 Q, L=100 pH and 
C=200 pF is connected to a constant-voltage generator of 
variable frequency. Calculate the resonant frequency, the value 
of ‘Q? and the frequencies at which half the maximum power is 
delivered. (Ans. 1126 kHz; 177; 1129 kHz; 1122 kHz) 


8. A parall elresonant circuit employs a 50 pF capacitor 
and has a bandwidth of 250 kHz. Calculate the maximum 


impedance of the circuit. 
(Ans. 12,7402) 


9. A parallel resonant circuit is tuned to a frequency of 
1 MHz and contains a 200 pF capacitor. When a source of 
constant voltage is injected in series with the circuit the current 
falls to 0.707 of its resonant value, for a frequency deviation of 
5 kHz from the resonant frequency. Calculate the circuit *Q? 


and the parallel resonant impedance. 
(Ans. 100; 79.6 КО) 


10. Two-series circuits, each consisting of a 300 „H inductor 
and a 1000 pF capacitor, are magnetically coupled so as to have 
a mutual inductance of 60 uH. An e.m.f. of 10 V having a fre- 
quency of = MHz is injected into one d SUM the 

t in the other circuit and the coefficient of coupling (k). 
current in (Ans. —j 0.273A; 0.2) 


11. A coil has an inductance of 5 mH, a sel capacitance of 
5 pF and a high-frequency resistance of 100 Q. Determine the 
effective resistance and inductance of the coil at a frequency of 
500 kHz. (Ans. 177 О, 6.67 mH). 
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19. A wavemeter consists of a variable capacitor, having a 
range of 50 to 1,000 pF and two coils of inductances 300 and 
100 aH respectively. If the coils are fixed so that their mutual 
inductance is 25 “Н, what range will the wavemeter have when 
the coils are used (a) in series aiding, (b) in series opposing, (c) in 
parallel aiding and (d) in parallel opposing? 

(Ans. (a) 283 to 1265 m, (b) 249 to 1115 m, (c) 122 to 546 m, 
(d) 107 to 481 m) 
13. A transformer has a tuned primary winding and an 
untuned secondary. The inductance of each winding is 1 mH 
and the mutual inductance between them is 0.5 mH. The primary 
winding is tuned with secondary open-circuited, and resonates 
at a frequency of 500 kHz. If the secondary is now short-circuited 
find the change of tuning capacitance required to keep the 
same resonant frequency. Neglect the resistances of the windings. 


(Ans. 34 pF) 
respectively, 
f the mutual 
of 2 MHz, their self 
у and the coefficient 
(Ans, 6.3 ИН) 
250 РЕ сара- 
this frequency 
ne self capaci- 
(Ans. 10 pF) 
for the com- 
ance C, and 


14. Two coils of inductances 50 uH and 200 4H. 
are magnetically coupled. Find the effective value ° 
inductance between them, at a frequency 
capacitances being 5 and 7 pF respectivel 
of coupling being 0.05. 

15. A coil is tuned to a certain frequency by a 
itor. To tune the coil to the second harmonic of 
a capacitance of 55 pF is required. Determine tl 
tance of the coil. 

16. The series resistance bridge network is used 
parison of capacitances. A capacitor of capacit 
equivalent series resistance p, is compared with a standard air 
capacitor of capacitance 0.023 НЕ апа zero equivalent resistance. 
When a balance is obtained the resistor in series with C, has a 
value of 11.4 Q and that in Series with the standard capacitor has а 
value of 10 2. The non-inductive resistors have values of 1,000 Q 
and 1,250 Q, one end of the latter being connected to one side 
eh Ge Calculating end C, (Ans. 1.1 0, 0.0184 uF) 

17. A schering bridge is used for Measuring the power ess 
dielectrics. The specimens are in the form of discs 0.3 cm thick 
and have a dielectric constant of 2.3. The area of each electrode 
is 314 cm? and the loss angle is known to be 9' for a frequency a 
50 Hz. The fixed resistor of the network has a value of L000 0 
and the fixed capacitance is 50 pF. Determ; > 


] .c-ermme the values of the 
variable resistor and capacitor required, 


(Ans. 4,260 2, 0.00196 BE) 


QT 


OOS 
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‘Vacuum Tubes 
18. The anode-voltage/anode-current characteristic of a 


` certain diode is given by the following figures: 


Voltage (V) 0 5 | 10 15 20 25 30 35 


Current (mA) ' 0 


3.1 | 8.9 17.0 | 26.8 38 


514 66 


Plot the dynamic characteristic curve if the load has a 
resistance of 2500 2. Hence find the load current and the voltage 
across the load when the supply voltage is 50 V. 

(Ans. 14.5 mA, 36.25 V) 


19. A diode valve has the following anode-current/anode- 
voltage characteristic: 


Current (mA) 0.52 1,17 1.90 2.78 3.85 5.15 6.50 


Voltage (V) 25 50 75 100 125 150 175 


The valve is placed in series with a resistor of 20,000 2 and a 
battery of 200 V. А resistor of 60,000 Q is connected between the 
anode and cathode of the diode. Determine the current through 
the diode. > (Ans. 3 mA) 

20. In tests оп a certain thyratron, with a steady value of 
negative grid voltage applied to the valve, the anode voltage was 
gradually raised until the valve conducted. The corresponding 
grid and anode voltages at the point of conduction were: 


-Grid vol- | —8.7 | —8:0 | 7.0 | 26.0 | 5.0 
tage (V) 


—4.0 | —3.0 | —2.0 | —1.0 | —0.5 


‘Anode vol-| 191.| 176 | 152 | 131 | 109| 88 66 46 | 342 | 33.8 


tage (V) 


Plot the control characteristic and estimate the control ratio 
over that portion of the graph which is approximately linear. 
(Ans. 21.8) 


21. A thyratron just becomes conducting with 200-V on the 
‘anode when the negative grid voltage is held at —8 V. The control 
ratio is 35. Find the minimum anode voltage for conduction 
when the grid is held at —20 V. Determine also the critical gird 
voltage, when the anode voltage is 340 V. (Ans. 620 V, —12 V) 
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22. "Three triodes having amplification factors of 10, 20 and 
30 and with mutual conductances 2, 5 and 3 mA/V respectively, 


are operated in parallel. Calculate the equivalent mutual con- ` 


ductance, the anode resistance and the amplification factor of 


the combination. (Ans. 10 mA/V, 1818 О, 18.18) 
23. The linear parts of the control characteristics of a certain 
thyratron are given by the following expressions: 
V,—[—120 V,—160], when the temperature is 40°С 
and V,—[—70 V,—130]. when the temperature is 70°C 


where V, is the anode voltage in volts and V, is the grid voltage in 
volts. 


Evaluate for an anode voltage of 400 volts, 


critical grid voltage when the temperature of the valve rises from 
40°C to 70°С. 


(Ans. 2.8 V) 


the change in 


Photoelectricity 

24. Find the sensitivi 
stages, if the gain/stag 
24 pA | lumen. If the 
calculate the maximu: 


ty of a photomultiplier which has six 
€ is 5 and the cathode sensitivity is 


maximum safe output current is 3 mA 
m. safe illumination. 


Determine the threshold wavel, 


: ength in the case of a caesium 
surface for which aoa a 


the work function is 1.8 ev, 


26. In an experiment on the Ae TA 
tion of wavelength 4 x 10-7 m, th Чч pu Dmadia 
Observed to be 1.40x 10-19 wavelength 

1. If the veloci 
the Plank’s constant, d 


(Ans. 6.64. x 10-24 1-5.) 


T Preferably used SI unit 1 Á-—I0-1 nm 
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Cathode-ray Oscillograph 

27. А certain linear time base employs a saturated diode and 
a thyratron. The striking and extinction voltages of the thyratron 
are 280 V and 30 V respectively, and the diode charging current 
is constant at 5 mA. Find the range of capacitance values 
required for the capacitor if the sweep frequency is to be 
variable from 20 Hz to 20 kHz. (Ans. 0.001 to 1 pF), 


28. A series circuit consisting of a 2,500 Q resistor and a. 
4 ҺЕ capacitor is connected to a 300-V d.c. supply. Across ће 
capacitor is a glow discharge tube which is triggered to strike 
every 20 ms. The tube on striking discharges the capacitor com- 
pletely in a negligbly short time. Determine the r.m.s. value of 
the charging current. 


Find also the voltage across the capacitor when the tube 
strikes. (Ans. 60 mA, 260 V). 


29. A cathode-ray tube is constructed with internally moun- 
ted plane-parallel magnetic poles 1.5 cm long and the ends of 
these are a distance of 20 cm from the screen. Before entering 
the field due to the poles the electrons are accelerated by a voltage 
of 1,500 V. Determine the sensitivity of the tube in Wb/m?/m. 
Neglect any fringing of the magnetic field (Ans. 0.042) 


30. A cathode-ray tube has plane parallel deflector plates 
1.5 cm long spaced 0.3 cm apart. The screen is 20 cm from the 
ends of the deflector plates. Before entering the space between the 
plates the electron beam is accelerated by a voltage of 1,500 У. 
Determine the sensitivity of the tube in volts/cm. Neglect any 
fringing at the ends of the deflector plates. (Ans. 28.9) 


Rectifiers and Filters 
31. A high-vacuum diode, with an internal resistance of 150 Q, 
supplies power to a 1,000 2 load from a 300-V r.m.s. source. 
Find: (i) the mean load current, (ii) the r.m.s. alternating load 
current, (iii) the d.c. power supplied to the load, (iv) the input 
power to the anode circuit, (v) the rectification efficiency and 

(vi) the ripple factor. 

(Anus. (i) 117 mamps, (ii) 184 mamps, (ii) 13.8 W, 
(iv) 39.1 W, (v) 35.3%, (vi) 1.21) 


20 [ELECTRONICS] 
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32. Calculate the regulation and efficiency for a half-wave 
rectifier circuit, from no load to 80 mamps. The transformer 
r.m.s. secondary voltage is 230 V and the internal resistance of 
the diode is 500 О. Find also the current at which maximum 
power is obtained. (Ans. 40 V, 40.6 to 24.9%, 103.5 mamps) 

33. A moving-iron ammeter and a simple moving-coil amme- 
ter are placed in series with the load in a half-wave rectifier 
circuit. The reading on the а.с. instrument is 5 A. What is the 
reading of the other ammeter? 

Calculate the instrument readings if the other half-wave is 
also rectified. Assume sinusoidal waveforms. 
(Ans. 3.18 A, 7.07 A, 6.37 A) 

34. A gas diode for which the striking and extinction voltages 


(Ans. (1) 108 mamps, (ii) 120 mamps, (iii) 23.3 W, (iv) 36 W, 

(v) 64.8%, (vi) 0.482, (vii) 54 V) 
36. The rectifying element of a sin. 

circuit has a resistance of 10 Q in 


the capaci- 
lly constant 
element for one-sixth of each vam 

„Determine the resistance of the load and the efficiency of 
rectification. (Ans. 585 0, 89.4%) 
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37. In a full-wave rectifier circuit, employing a 20-H choke 
in a z-section filter, what would be the power dissipated in a 
resistor Ё which replaced the choke and gave the same ripple 
factor, with an output current of 100 mA? The supply frequency 
should be taken as (i) 50 c/s, (ii) 60 c/s. 
Repeat the calculation for the case where the output current 
isonly 10mA. (Ans. (i) 125.7 W, 1.257 W, (iii) 150.8 W, 1.508 W) 
38. A single-phase full wave rectifier circuit, employing a 
single L-type filter, is to supply 120 mA at 300 V with a ripple 
that must not exceed 10 V. Design a suitable filter if the supply 
frequency is (i) 50 Hz, (ii) 60 Hz. 
(Ans. A 10-H choke and a 4-~F capacitor are suitable for 


both the cases.) 
Amplifiers 

39. A low frequency amplifier has a gain of 60 dB. The input 
circuit is of 600 О resistive impedance and the output is arranged 
for a load of 102. What will be the current in the load when an 
alternating voltage of 1 V is applied at the input? 

Express the gain of the amplifier in nepers. 

(Ans. 12.9 amps, 6.9 nepers) 

40. A certain triode operates with an anode voltage of 
250 V and a grid voltage of—8 V. The anode current is then 9 mA. 
If the valve is used with a load having a resistance of 10,000 2 
what is the value of supply voltage required? 

If the H. T. supply voltage is fixed at 430 V, calculate the 
resistance of the load to keep the valve working at the same 
operating point. } (Ans. 340 V, 20 К). 

41. A voltage amplifier employs a valve operating with an 
anode current of 9 mA and a negative bias of 8 V. Find the value 
of the resistance of a cathode resistor to give the required bias. 

Determine also a suitable value for the cathode bypass 
capacitance, if the signal frequency is (a) 1000 Hz, or (b) 100 Hz. 

(Ans. 8890; 2 1, 20 pF) 

42. The first stage of a resistor-capacitor coupled amplifier 
employs a valve with an amplification factor of 20 and an anode 
resistance of 7,700 ©. The resistance of the load is 50,000 Q, the 
coupling capacitor has a capacitance of 0.01 „F and the grid 
leak (including the resistive component of the input impedance of 
the next stage) has a resistance of 5,00,000 2. The input capa- 
citance of the next stage is 200 pF. Evaluate the gain of the 
stage at intermediate frequencies. 
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Find also the frequencies at which the gain falls to 1/4/2 of 
its intermediate frequency value and calculate the frequency 
range over which the gain is greater than 14. 

(Ans. —17.1, 31 Hz; 121,000 Hz; 44 to 84, 960 Hz) 

43. Assuming the characteristic curves for a triode valve to 
be equidistant straight lines, prove that the maximum possible 


anode circuit efficiency for a class A amplifier, coupled to a 
resistive load through an ideal transformer, is 50%. 


Show also that the theoretical maximum efficiency for the 
simple series-fed, class A, power amplifier is 25%, 


44. A triode valve operates from a 


grid and the cathode of the v. 
values of anode current are 


(Ans. 4.23 W, 0.17, 3.85%) 


45. A transformer coupled amplifier has the following cons- 
tants: ! 


типагу turns of transformer —3, 
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47. À certain audio frequency amplifier has a normal gain 
of 120 and gives an output voltage of 60 V to its output trans- 
former, with 10% second-harmonic distortion. How much 
feedback must be used to reduce the distortion to 1%? Find also 
the additional gain required ahead of the feedback amplifier, 
in order to give the same output voltage. 

(Ans. Feedback factor=— 0.075, 10) 

48. An amplifier has a gain of 20 without feedback. If 10% 
of the output voltage is fedback by means of а resistive negative- 
feedback circuit, determine the actual amplicafication. (Ans. 6.67) 

49. A multistage amplifier, when operated without feed- 
back and with normal supply voltage, has a gain of 24,000. 
When the supply voltage falls by 25% the amplification is only 
16,000. Show that if a negative-feedback potentiometer across 
the output is used to feedback 1/1,000 of the output voltage to the 
input, the amplification is nearly independent of variations in 
supply voltage. { 

50. An amplifier employing a pentode with an amplification 
factor of 1000 and a mutual conductance of 5 mA/V has a 200-K 
load resistor. Calculate the voltage amplification (i) without 
feedback, (ii) with 5% negative voltage feedback. 

Determine also the effective constants of the valve when 
feedback is used. (Ans. 500, , —19.6, 7, =3.92 K, g,—5 mA/V) 

Show that the output impedance of a cathode-follower 
stage, which employs a valve with a mutual conductance of 
4 mAJ/V, is about 250 2 but the input impedance is high. 


Oscillators 

51. Using a certain triode, having an amplification factor 
of 5 and an anode resistance of 1800 Q, it is desired to generate 
a frequency of 25 Hz in a tuned anode circuit. Two coils, each of 
0.6 H inductance and 11 resistance, are available, the maximum 
attainable coupling between them being 32%. Can the required 
oscillations be produced with this arrangement ? 

What is the lowest frequency at which the circuit will 
oscillate? (Ans. No, 48.3 Hz) 

52. A screen grid valve has a negative anode resistance Tp 
of 90,000 2 with suitable anode and screen voltages and itis to be 
used with a coil L of 150 »H and a capacitor C of 500 РЕ capa- 
citance to form a dynatron oscillator. Find the maximum coil 
resistance Ё to permit oscillation and the corresponding 
frequency. (Ans. 3.33 О 591 LETS 
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53. A certain triode with an amplification factor of 9 has an 
anode resistance of 11,000 2 when the anode and grid voltages 
are 90 V and —6 V respectively, and an anode resistance of 
9,000 2 when the anode and grid voltages are 135 V and —9 V 
respectively. A tuned anode circuit has L=175 uH, C—220 pF 
and R=18 О. The grid coil has an inductance of 60 pH. With. the 
higher anode voltage, what coefficient of coupling is required 
between the coils to make the circuit oscillate ? How much 
must the coupling be if the anode voltage is dropped to 90 V and 
the bias adjusted accordingly? (Ans. 0.228, 0.237) 


54. A triode with an amplification factor of 9 and an anode 
resistance of 11,000 2 has a tuned grid circuit with constants of 
values L=180 “Н, R=262 and C=0.0012 pF. The coil in the 
anode circuit has an inductance of 50 „H and a coupling of 309% 
to the grid circuit. Will the circuit oscillate?, (Ans. No) 


55. A triode with an amplification 
resistance of 6,000 2 has a tuned an 
R=8 Q and C=0.0005 pF. The grid 
35 “Н. The maximum available coup 
circuit is coupled a tuned aerial h 
Determine the maximum permissible 
the aerial and the tuned circuit if 
tained. 


factor 8 and an anode 
ode circuit of L=200 uH, 
coil has an inductance of 
ling is 40%. To the tuned 
aving a resistance of 24 Q, 
mutual inductance between 
oscillations are to be main- 
(Ans. 5.94 uH) 


56. In a class 4 Hartley oscillator 
coil have inductances of 45 mH and 15 m 
grid circuit. The capacitor has a cap 
amplification factor of the valve is 20. 
the critical mutual inductance for ma: 


the two sections of the 
Н, the latter being in the 
acitance of 0.2 uF. The 
Neglecting losses, calculate 
intaining oscillations. 
(Ans. 13.42 mH) 


57. A three-section ladder phase-shift oscillator has three 
similar phase-advancing sections, each consisting of a 100 K 
resistor and а 0.0005 [Е capacitor. Calculate the frequency 
of oscillation and show that the attenuation ratio of the 


network is 29. (Ans. 1,300 Hz) 


58. Ina certain Wien bridge type of oscillator the frequency 
selective network employs 120,000 Q resistors and 0.001 pF 
capacitors. Find the frequency of oscillation. (Ans. 1,326 Hz) 
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Modulation and Detection 

59. The aerial current of a transmitter is 8 A when the 
carrier only is transmitted but it increases to 8.93 А when the 
carrier is sinusoidally modulated. Find the percentage modulation. 


Determine the aerial current when the depth of modulation 
is 0.8. (Ans. 70%, 9.19 A) 


60. The tuned circuit of an oscillator in an amplitude modu- 
lated transmitter employs a 50-&H coil and a 0.001-4F capacitor. 
If the oscillator output is modulated up to 10,000 Hz, what is the 
frequency range occupied by the carrier and sidebands? 

(Ans. 702 to 722 kHz) 


61. A certain transmitter radiates 9 KW of power with the 
carrier unmodulated and 10.125 KW when the carrier is sinu- 
soidally modulated. Calculate the depth of modulation. 

If another audio wave, modulated to 40%, is also trans- 
mitted, determine the radiated power. (Ans. 0.5, 10.845 KW) 

62. If a radio-frequency carrier wave is amplitude modula- 
ted by a band of frequencies, 300 Hz to 3.4 kHz, what will be 
the bandwidth of the transmission and what frequencies will be 
present in the transmitted wave if the carrier frequency is 
104 kHz? 

(Ans. 6.8 kHz, 100.6 to 103.7 kHz, 104 kHz, 104 to 107.4 kHz) 

63. A diode detector employs a 220 K resistor and a 100 pF 
capacitor. Calculate the maximum value of the depth of modula- 
tion if peak clipping is to be avoided and the maximum modula- 
ting frequency which the detector is designed to handle is 6,000 Hz. 

(Ans. 0.77) 


Transistors 
64. The characteristics of a junction transistor are given in 


the following Table: 


Collector Collector current (Ig) in mA 
voltage 
Veg(volts) Iz=0 1в=% pA | I5—80 pA 
1 0.2 1.90 3.7 
0.3 2.05 4.0 
7 0.4 2.20 43 


The transistor is connected in a common-emitter stage with 
a collector load of 1,500 2, to supply voltage of 6 V and a d.c. 
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bias of 40 A. Plot the characteristics, draw the appropriate load 
line and calculate the power dissipated in the transistor. 
What will be the total voltage swing at the collector for an 
a.c. input signal current of 40 „A peak in the base? 
: (Ans. 6 mW, 4.9 V) 


65. For a transistor used in the common-emitter configura- 
ton the relationship between collector current and collector 
voltage, with various fixed values of base current, are given in 
the following Table: 


Collector current (mA) 


Collector 
voltage(V) Base Base Base Base Base 
current current current current current 
—30 pA —50 pA —70 pA —9 uA | —110 pA 
—2 —0.9 — 1505) —22 —2.85 
—4 —0.92 —1.65 —24 —3.05 
—6 —0.95 —1.77 —2.55 —3.25 
—8 —0.98 —1.90 —2.75 —3.5 


Draw the static characteristics of the transistor and use these 
to determine the current gain when the collector voltage is —5 V. 


(Ans. 37, 82 A) 


66. The current amplification factor 


{ 6 ‹ a of a common-base 
Junction transistor operating ata frequency 


Sis given by: 


sees) 


d fa, called the alpha 


a=a,/1/2. 
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67. A transistor has a current amplification factor of 0.96 at 
low frequencies and the alpha cut-off frequency is 5 MHz. 
Determine the current amplification factor at 10 MHz and cal- 
‘culate the frequency at which the current amplification factor 
falls to 0.6. (Ans. 0.43, 6.25 MHz) 


68. The hybrid parameters of a certain transistor are: 
h,,—35 2, 1, — —0.976, ha»=1.0 mhos and /455—7 x 10-4. 


Calculate the values of 7,,, 712, 721, T22 and a. 
(Ans. 718.2 2, 700 2, 976 KO, 1 МО, 0.976) 


69. A junction transistor whose parameters are 7,,=820 Q, 
7,4—800 Q, r4, —1.98 МО and 7.=2 МО is used in a single-stage, 
common emitter amplifier, with a load resistance of 430 Q. 


Calculte the voltage gain, the current gain and the input 
resistance. (Ans. —15.2, 99, 2755 Q) 


70. & junction transistor has the following constants: 
1,477950, т„=500 2, Ta =1.9 MQ, 1:52 МО. Determine the 
input resistance of a common base amplifier stage using this 
transistor as the load resistance varies from zero to infinity. 

If the resistance of the source at the input of the amplifier is 
zero find the output resistance of the arrangement. 


Calculate also the maximum possible voltage gain. 
(Ans. 75 to 550 Q, 2.72x105 Q, 3454) 


71. The hybrid parameters for a common emitter transistor 
amplifier circuit аге /,,=800 Q, 4,, —47, &,,—5.4x10-* and 
hg. —80 umhos. The load resistance is 20 K. Calculate the voltage 
and current gains. (Ans. —598, 18) 


ANSWERS TO SELF-TEST 


CHAPTER 1 
(a) 4.80298 x 10-7 e.s.u., (b) photoelectric, (c) oxide, (d) space 
charge, (e) Child's, (f) Langmuir's. S 
CHAPTER 2 


(a) currents, (b) True, (c) node, mesh, (d) impedance, 
(e) voltage, current, (f) Superposition. 


CHAPTER 3 


(a) positive, (b) apparent, (c) r.m.s., (d) natural, (e) minimum, 
(£) Q-factor, (g) inductance, (h) False. 


CHAPTER 4 

(a) False, (b) negative, (c) static, (d) large, (e) negative, (f) grid, 

(g) transconductance, (h) plate, (i) plate, power. 
CHAPTER 5 

(a) directly, (b) Einstein, (c) work function, (d) False, 

(e) threshold, (f) light, electrical, (g) 


semiconductor, 
(h) photoconductive. 


CHAPTER 6 
(a) electrostatically, (b) barium, strontium, 


A (c) lower, 
(d) mm/volt, (e) milliampere, (f) anode, (g) saw-tooth, 


CHAPTER 7 
(a) D.C., (b) filter, (c) half-wave, (d) a.c., 


d.c., (e) d.c., a.c, 
(©) True, (g) opposite, (h) minimum. 


CHAPTER 8 


(a) radio, (b) False, (c) high, (d) phase, (e) True, (f) feedback, 
(g) independent, (h) power. 


CHAPTER 9 


(a) d.c, ас, (b) amplitude, (c) 30, (d) feedback, (e) R.G., 
(f) cathode, anode, (g) False. 


CHAPTER 10 
(a) Modulation, (b) greater, (c) 90°, (d) carrier, lower, (е) twice, 
(f) detectors, (g) superheterodyne, (h) plate detection, 
314 


ANSWERS TO SELF-TESTS 315 


CHAPTER 11 
(a) radio telephony, radio telegraphy, (b) vertically polarised, 
(c) 180°, (d) ionosphere, (е) False, (f) 10°, (g) fidelity, (h) tnvermediate 
frequency. $ 
CHAPTER 12 
(a) scanning, (b) interlaced, (c) 30, (d) 25, (e) red, blue, green, 
(£) Radio, Detection, Ranging, (g) range, azimuth. 


CHAPTER 13 
(a) 1075, 10%, (b) insulators, (c) P-type, (d) positive, negative, 
(e) Low, high, (f) reverse, (g) True, (h) False. 


CHAPTER 14 
(a) Bardeen, Brattain, (b) silicon, (c) emitter, base, collector, 
(d) emitter, (е) Ig, Ves, (f) Ic, Ів, (g) impedance, admittance, 
hybrid, (h) base, (i) highest, (j) forward, reverse, (k) emitter, base, 
collector. 
CHAPTER 15 
(a) Collector, (b) Ip, Vos» Ves, (c) P, (d) gate, (e) stabilized, 
(£) constant, (g) is not, (h) positively, (i) enhancement, (j) is, (К) high. 
CHAPTER 16 
(a) Silicon, (b) transistors, diodes, (c) resistors, capacitors, 
(d) false, (e) linear, digital, (f) TO-5, flatpack, dual-in-line, (g) linear, 
(h) computers, calculators, (i) false, (j) ICs, (К) UP, (1) DOWN, 
(m) One; UP, (n) two; AND, (o) OR, (p) two; OR, (q) present, 
(r) NAND, (s) AND, (t) NOR, (u) true, (v) 1110, (w) 10100, (x) 11, 
(y) 27; (z) 11000100. 
CHAPTER 17 
(a) False, (b) commercial, (c) zero, (d) X. (e) low, 
(f) capacitor, (g) difference. 
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